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COMPOSITIONS AND METHODS RELATED
TO TAUOPATHY

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims priority to U.S. Provisional Patent
Application Ser. No. 61/738,510, filed Dec. 18, 2012, which
is incorporated herein by reference.

GOVERNMENT FUNDING

This invention was made with government support under
RO1-NS063214 awarded by the National Institutes of Health.
The government has certain rights in the invention.

SEQUENCE LISTING

This application contains a Sequence Listing electroni-
cally submitted to the United States Patent and Trademark
Office via EFS-Web as an ASCII text file entitled “110-
03950101_SequenceListing_ST25.txt” having a size of 25
kilobytes and created on Dec. 16, 2013. The information
contained in the Sequence Listing is incorporated by refer-
ence herein.

BACKGROUND

Alzheimer’s disease is characterized by the accumulation
of amyloid plaques, composed of AP proteins, and neu-
rofibrillary tangles, composed of tau proteins. It can be
genetically linked to mutations that increase the propensity
for AP to form pathogenic aggregates; interestingly, however,
it is never linked to mutations in tau. An implication of this
genetic dichotomy is that the formation of a pathogenic form
of AP, but not tau, initiates Alzheimer’s disease. AB*56
(Abeta star 56) has been proposed to be the pathogenic form
of AP that initiates Alzheimer’s disease.

AP*56 requires tau to impair memory function. Tau is
therefore an AP effector molecule. The clinical observation
that amyloid plaques deposit prior to abnormal increases in
spinal fluid tau is consistent with this idea. These and other
related results indicate that the pathogenesis of Alzheimer’s
disease requires both the AP} and tau proteins.

SUMMARY OF THE INVENTION

In one aspect, this disclosure provides an isolated polypep-
tide that includes a core pentapeptide, with the proviso that
the isolated polypeptide is not a native full-length tau protein.
In some embodiments, the isolated polypeptide of claim 1
further comprising at least one amino acid appended to the
N-terminus of the core pentapeptide. In other embodiments,
the isolated polypeptide of either claim 1 or claim 2 further
comprising at least one amino acid appended to the C-termi-
nus of the core pentapeptide. In some embodiments, the iso-
lated polypeptide can be a peptidomimetic of the isolated
polypeptide of any preceding embodiment.

In some embodiments, the core pentapeptide can be SEQ
ID NO:1.

In another aspect, this disclosure provides a composition
that includes the isolated polypeptide of any preceding
embodiments and a pharmaceutically acceptable carrier.

In another aspect, this disclosure provides a method that
generally includes administering to a subject a composition
that includes an isolated polypeptide of any embodiment
described above. In some cases, the method can involve
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administering to a subject having or at risk of having a tau-
opathy an amount of the composition effective to inhibit at
least one of the following: caspase-2-dependent cleavage of
tau, production of TCP30, production of TCP35, or produc-
tion of TCP40. In other cases, the method can involve admin-
istering to a subject having a tauopathy an amount of the
composition effective to ameliorate at least one clinical sign
or symptom characteristic of a tauopathic condition. In still
other cases, the method can involve administering to a subject
at risk of having a tauopathy an amount of the composition
effective to protect the subject against development of a tauo-
pathic condition.

In some embodiments, the tauopathic condition can
include Alzheimer’s disease.

In another aspect, this disclosure provides methods of
screening compounds. In some embodiments, the method can
include providing a mixture of caspase-2, a test compound,
and a labeled caspase-2 cleavage substrate; incubating the
mixture under conditions effective for caspase-2 to cleave the
caspase-2 cleavage substrate in the absence of the test com-
pound to produce a labeled caspase-2 cleavage product;
detecting at least one of: the uncleaved labeled caspase-2
cleavage substrate or the labeled caspase-2 cleavage product;
and identifying the test compound as an inhibitor of caspase-2
if at least one of the following is true: the uncleaved labeled
caspase-2 cleavage substrate is detected in an amount greater
than a first predetermined reference value, or the labeled
caspase-2 cleavage product is detected in an amount less than
a second predetermined reference value. In other embodi-
ments, the method can include providing a mixture of a
labeled caspase-2 cleavage substrate, a labeled caspase-2
cleavage product in a predetermined ratio to the caspase-2
cleavage substrate, caspase-2, a test compound; incubating
the mixture under conditions effective for caspase-2 to cleave
the caspase-2 cleavage substrate in the absence of the test
compound to produce the labeled caspase-2 cleavage prod-
uct; determining the ratio of the caspase-2 cleavage substrate
to the caspase-2 cleavage product; and identifying the test
compound as an inhibitor of caspase-2 if the ratio of
caspase-2 cleavage product:caspase-2 cleavage substrate is
less than a reference ratio of caspase-2 cleavage product:
caspase-2 cleavage substrate in the absence of the test com-
pound.

In some cases of either embodiment of the screening meth-
ods, the labeled caspase-2 cleavage substrate comprises SEQ
ID NO:2 and/or the caspase-2 cleavage product comprises
SEQ ID NO:3. In other cases of either embodiment of the
screening methods, the labeled caspase-2 cleavage substrate
comprises SEQ ID NO:4 and/or the caspase-2 cleavage prod-
uct comprises SEQ ID NO:5.

In another aspect, this disclosure provides an antibody
preparation that includes antibody that specifically binds to
SEQ ID NO:10. In some embodiments, the antibody can
include polyclonal antibody. In other embodiments, the anti-
body can include a monoclonal antibody.

In another aspect, this disclosure provides a method that
generally includes contacting a biological sample fluid from
a subject that includes cerebrospinal with an antibody prepa-
ration that includes antibody that specifically binds to SEQ ID
NO:10 and detecting a ligand in the sample that specifically
binds the antibody preparation. In some embodiments, the
ligand can include the amino acid sequence of SEQ ID
NO:10. In some embodiments, the subject may exhibit at least
one symptom or clinical sign of a tauopathic condition. In
other embodiments, the subject need not exhibit at least one
symptom or clinical sign of a tauopathic condition.
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In another aspect, this disclosure provides an aptamer
preparation that includes one or more aptamers that specifi-
cally bind to SEQ ID NO:10.

In yet another aspect, this disclosure provides a method
that generally includes contacting a biological sample from a
subject with an aptamer preparation that includes one or more
aptamers that specifically bind to SEQ ID NO: 10. In some
embodiments, the biological sample can includes cerebral
spinal fluid.

The above summary is not intended to describe each dis-
closed embodiment or every implementation of the present
invention. The description that follows more particularly
exemplifies illustrative embodiments. In several places
throughout the application, guidance is provided through lists
of examples, which examples can be used in various combi-
nations. In each instance, the recited list serves only as a
representative group and should not be interpreted as an
exclusive list.

BRIEF DESCRIPTION OF THE FIGURES

FIG. 1. Inverse correlation between memory function and
TCP35 levels. Spatial reference memory of 6-month (M)
rTg510 mice in which tau expression was suppressed by
doxycycline until they were 3M was assessed using the Mor-
ris water maze assay. Mice were then killed and TCP35 levels
in total forebrain homogenates were measured by immunob-
lotting. (A) Mean platform score and (B) platform crossing
index correlated inversely with TCP35 levels. Mean platform
score is the average %-time of four probe trials. Platform
crossing index is the number of target platform crossings
minus the average number of non-target platform crossings.

FIG. 2. The expression of TCP35 parallels the development
of cognitive impairment. The western blot panels (A) show
full length tau (55 kDa) and TCP35 in the hippocampus of
rTg4510 mice from 1.3 to 4.5 months of age (probed with
antibody Tau-5 recognizing mouse and human tau). Panels B
and C show the quantification of age-dependent TCP35
expression (B, densitometry) and the development of
memory impairment (C, percent time in the target quadrant).

FIG. 3. TCP35 is an N-terminal fragment of tau. Represen-
tative immunoblots of tau proteins in forebrain homogenates
of TgNeg and rTgd4510 mice. (A) TCP35 can be detected by
Tau-13 mAb, which specifically recognizes amino acid resi-
dues 2-18 in human tau, (B) but not by T46 mAb, which
recognizes an epitope near the last 38 amino acid residues
(404-441 aa) on the C-terminus of tau. PlII-tubulin was
probed to ensure loading consistency.

FIG. 4. Identification of caspase-2 cleavage site in tau.
Full-length (FL) tau and truncation mutant proteins that are
missing the C-terminus after four aspartate residues mimick-
ing tau cleaved at D283, D295, D314 and D348 were synthe-
sized from the corresponding cDNAs using the TNT T7
Quick Coupled Transcription/Translation System. Immuno-
blotting using Tau-13 mAb showed that tau truncation mutant
AC314 is closest to 35 kDa in molecular weight.

FIG. 5. Caspase-2 cleaves tau in vitro, producing a 35 kDa
fragment. Recombinant caspases-1, -2, -3, -6,-7,-8,-9,0r-10
were incubated at 37° C. for 2 hours with tau proteins derived
from three different sources. Immunoblots using Tau-13 mAb
showed a 35 kDa fragment generated by co-incubating
caspase-2 with full-length tau proteins purified from (A)
brain lysates of Tg4510 mice expressing human tau,;, 7, (B)
brain lysates of rTg21221 mice expressing human wild-type
tau (tauy-,) (Hoover et al., Neuron, 2010), or (C) synthetic
human tau,,. 50 uM z-VAD-fmk (benzyloxycarbonyl-Val-
Ala-Asp-fluoromethylketone; Sigma-Aldrich; St. Louis,
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Mo.) (+inhibitor), a general caspase inhibitor, blocked all
cleavage. Caspases-1 and -8 may cleave tau proteins near the
N-terminus and remove Tau-13 mAb epitopes, preventing
detection of proteolytic products. Arrows denote the 35 kDa
fragment, and arrowheads denote the tau fragment truncated
at D421.

FIG. 6. A 35 kDa fragment is produced by caspase-2-
mediated cleavage at D314 in vitro. Incubation of recombi-
nant caspase-2 with wild-type tau or tau mutants, talu;, 4z
and tau,;, 4, that resist caspase cleavage, synthesized from
the corresponding cDNAs using the TNT T7 Quick Coupled
Transcription/Translation System, generated a 35 kDa frag-
ment only in the wild-type tau reaction that comigrates with
tau truncation mutant AC314. The arrow denotes the 35 kDa
fragment. The arrowhead denotes the tau D421 cleavage
product.

FIG. 7. Cleavage-specific polyclonal antibodies H1485
recognize a 35 kDa band in rTg4510 brain. H1485 antibodies
were generated against the neo-epitope of caspase-2 cleaved
tau at D314. rTg4510 brain lysate was immunoprecipitated
with Tau-13 mAb. The immunoprecipitates were detected on
immunoblots with H1485 antibodies, revealing a 35 kDa
band in rTg4510 brain (arrow).

FIG. 8. TauAC314 mislocalizes to dendritic spines. Images
of rat hippocampal neurons co-expressing DsRed, which per-
meates all dendritic spines and shafts permitting their visual-
ization, and GFP-tagged full-length tau (FL) or the tauAC314
mutant, show aberrant targeting of tauAC314 to dendritic
spines.

FIG. 9. Effects of proline-directed phosphorylation on in
vitro TCP35 generation. Wild-type (WT), phosphorylation-
deficient (AP) and pseudophosphorylated (EP) tau proteins
are synthesized from the corresponding cDNAs in vitro by
using the TNT T7 Quick Coupled Transcription/Translation
System. Recombinant caspase-2 was incubated with tau pro-
teins to generate TCP35 and the reactions were stopped at the
indicated time points. TCP35 was immunoblotted with Tau-
13 mAb.

FIG. 10. Caspase-2-mediated cleavage of Asp314 peptide
substrate. Synthetic peptide substrate FITC-AHX-GSV-
QIVYKPVDLSKVTS-COOH was designed based on amino
acids 304-320 of tau protein that encompasses Asp314 cleav-
age site. The peptide substrate was cleaved by coincubating
with recombinant caspase-2 and was separated from cleavage
product by using LabChip drug discovery system. The fluo-
rescence emitted by FITC group was monitored to measure
peptide quantity.

FIG. 11. Caspase inhibitor blocks caspase-2-mediated
cleavage of Asp314 peptide substrate. Synthetic peptide sub-
strate was coincubated with recombinant caspase-2 in the
presence of general caspase inhibitor z-VAD-fmk. The fluo-
rescence of the substrate peptide was measured by using
LabChip drug discovery system.

FIG. 12. TCP3S5 is present in human cerebrospinal fluid.
Tau proteins were immunoprecipitated from human cere-
brospinal fluid with Tau-13 mAb. The immunoprecipitates
were detected on immunoblots with Tau-13 and H1485 anti-
bodies, respectively, revealing TCP35 bands (arrow) in
samples #266 and #267A. Tau truncation mutant AC314 was
probed to show the comigration with TCP35.

FIG. 13. Profile of tau cleavage product in human brain
lysates. Human brain lysates were probed with cleavage site-
specific antibody H1485, 3-repeat isoform antibody 8E6/
C11, 4-repeat isoform antibody 1E1/A6 and total tau anti-
body Tau-13. Three tau fragments TCP40, TCP35 and TCP30
were recognized by H1485 antibody.
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FIG. 14. Tau cleavage product levels increase in patients
with mild cognitive impairment and Alzheimer’s disease. The
protein levels of (A) TCP35, (B) TCP40 and (C) TCP30 were
quantified, respectively. (D) The total protein levels of
TCP35, TCP40 and TCP30 (TCP) were also quantified.

FIG. 15. Images of rat hippocampal neurons coexpressing
Dsred and GFP-tagged wild-type tau or tau P301L, mutant.
Neurons were treated with caspase-2 inhibitor Ac-VDVAD-
CHO or caspase-3 inhibitor Ac-DEVD-CHO for 1 day.

FIG. 16. Quantification of total spines and GFP-tau-con-
taining spines in neurons coexpressing DsRed and GFP-tau.

FIG. 17. Excitatory Synaptic Transmission in rTg4510
neurons treated with caspase-2 inhibitor. (A) Mean mEPSC
amplitudes of rTg4510 neurons (-/- and +/+) treated with 20
UM caspase-2 inhibitor (Ac-VDVAD-CHO; SEQ ID NO:35)
for two hours. Caspase-2 inhibitor significantly increased the
mean amplitude of AMPA (a-amino-3-hydroxy-5-methyl-4-
isoxazolepropionic acid) mEPSCs in rTg4510 (+/+) neurons
compared to vehicle (Veh) control. Caspase-2 inhibitor had
no effect on rTg4510 (-/-) neurons. (B) Mean mEPSC fre-
quency of rTg4510 neurons (/- and +/+) treated with 20 uM
caspase-2 inhibitor for two hours. Caspase-2 inhibitor had no
effect on rTg4510 neurons (-/- or +/+) frequencies.

FIG. 18. (A) Design of pentapeptide inhibitors of
caspase-2 (cleavage sequence SEQ ID NO:1 and canonical
sequence SEQ ID NO:35). (B) Generalized structure of pen-
tapeptide inhibitors of caspase-2, where with R =Ac,
aa =side chains of naturally-occurring D-amino-acids or
L-amino-acids, and R,=a group that covalently links to the
caspase active site cysteine. (C) Exemplary chemical groups
that covalently link to the caspase active site cysteine.

FIG. 19. (A) Generalized structure of peptidomimetics
related to the originally-designed pentapeptide inhibitor of
caspase-2, where R,=acetyl, acyl, aryl, heteroaryl, diaryl,
biaryl, aralkyl, variously substituted; aa,=D- or L-amino-
acids, or unnatural amino acids. aa, can be replaced as
reflected in (B), where R; is COOH, COR, CO,R, CN,
OCO,R, NO,, NCOR, SCOR, SOR, SO,R, NHSO,R,
NHCOR, or tetrazole; X is peptidic carbamoyl group, i.e.,
—CONH—, can be replaced by peptidomimetic bonds such
as —CH,NH—, —COCH,, —CSNH—, and retro-inverso
bonds or oxazole, imidazole and thiophene, variously substi-
tuted; and R, is as shown in (C) or can be acetyl, acyl, aryl,
heteroaryl, diaryl, biaryl, aralkyl variously substituted.

FIG. 20. Generalized design of macrocyclic/stapled pep-
tides based on 1, i+3, i+4, and i+7 strategies, where [.=Linker
(e.g., linkers described in International Publication No. WO
2013/123266 Al),and X is O or S.

DETAILED DESCRIPTION OF ILLUSTRATIVE
EMBODIMENTS

Although a great deal is known about the neuropathology
of tauopathy, much less is understood about the molecular
processes that cause the clinical symptoms. Consequently,
nearly all research to develop new treatments for Alzheimer’s
disease has been directed at ameliorating the effects of neu-
ronal loss and reducing neuropathology. This has led to the
development of medications that temporarily improve symp-
toms and/or clinical signs of the disease but do not address the
underlying cause of the disease.

Much research on tau still aims to understand how it kills
neurons and how it aggregates to form neurofibrillary tangles.
In contrast, the work described herein addresses the deterio-
ration in brain function that takes place before neuron loss
occurs and is unrelated to neurofibrillary tangles, by specifi-
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cally addressing the basic question of the form of tau (here
called tau*) initiates memory loss in tauopathy.

As noted in the background, the pathogenesis of Alzhe-
imer’s disease requires both the A and tau proteins. We have
determined that specific forms of A and tau proteins are
involved. For example, Ap*56 can initiate the disease long
before the degenerative processes progress to the point of
diagnostic certainty, and tau*® (tau star) causes the clinical
symptoms of Alzheimer’s disease that are not due to neuronal
loss. We have, therefore, investigated tau®, the molecular
species of tau involved in initiating the clinical symptoms of
tauopathy. We report identifying tau* and a potential molecu-
lar mechanism leading to its formation.

We identify markers that have not been previously impli-
cated in the pathogenesis of Alzheimer’s disease or other
tauopathy. The markers are generated when caspase-2 cleaves
various isoforms of tau at aspartate 314 (D314). One marker,
TCP35, has an approximate molecular weight of 35 kDa.
TCP30 has an apparent molecular weight of 30 kDa. TCP40
has an apparent molecular weight of 40 kDa. Caspase-2,
while involved in A B-related neurotoxicity, has not been asso-
ciated with tau-related neural dysfunction. Moreover, we
have identified the cleavage site at which caspase-2 cleaves
tau, designed an inhibitor of caspase-2-dependent tau cleav-
age that may have therapeutic potential, and designed high
throughput assays for the identification of additional inhibi-
tors of caspase-2-dependent tau cleavage.

Thus, in one aspect, this disclosure provides a composition
that includes an isolated polypeptide that comprises an amino
acid sequence designed to interfere with caspase-2-depen-
dent tau cleavage. As used herein, “isolated” and variations
thereof refer to a polypeptide that has been removed from its
natural environment to any degree. For instance, an isolated
polypeptide is a polypeptide that has been removed from the
cytoplasm and/or any membrane of a cell, and many of the
polypeptides, nucleic acids, and other cellular material of its
natural environment are no longer present. As such chemi-
cally synthesized polypeptides are, by definitions, removed
from their natural environment and, therefore, “isolated.” The
term “isolated” does not convey any specific degree to which
the other cellular components are removed. As used herein,
“polypeptide” refers to a sequence of amino acid residues
without regard to the length of the sequence, regardless of
whether each amino acid residue in the sequence is bound to
its neighbor through a peptide bond. Therefore, the term
“polypeptide” refers to any amino acid sequence having at
least two amino acids and includes peptidomimetics.

The initial design of inhibitors of caspase-2 dependent tau
cleavage involved sequential changes of the amino acids in
the cleavage sequence and leading to the canonical cleavage
sequence reported in the literature. This allows the generation
of novel linear, reversible, covalent, pentapeptide inhibitors.
In some embodiments, however, the pentapeptide inhibitors
may be designed to include a group that interacts with, for
example, the cysteine residue at the caspase-2 active site in a
noncovalent manner. The “canonical cleavage sequence” is
the sequence of five amino acids (VDVAD, SEQ ID NO:35)
that have been identified to constitute the most potent inhibi-
tor of caspase-2, when the pentapeptide has the formula
VDVAD-X, where X is a chemical group that covalently links
to the caspase active site cysteine (FIG. 18B). In some
embodiments, X can include, for example, any one of the
groups illustrated in FIG. 18C.

Thus, in some embodiments, the isolated polypeptide can
be any polypeptide that possesses the structure illustrated in
FIG. 18.
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A designed inhibitor can include one or more further modi-
fications that can provide metabolic stability and/or cell per-
meability.

Table 1 lists exemplary pentapeptides that have been
designed and synthesized based on the general structure:

(@] aay O aa)
N N 8 or
5.
Y YOY
aas (@] aag (@] aa)

In competitive binding assays against caspase-2, caspase-3,
caspase-6, and caspase-7 (PROMEGA-GLO 2; Promega,
Corp., Madison, Wis.), the parent pentapeptide based on the
sequence Ac-YKPVD-CHO (SEQ ID NO: 1) exhibited a K,
value of 200 nM (caspase-2), 19.8 uM (caspase-3), 184 uM
(caspase-6) and greater than 100 uM (caspase-7). The alter-
native pentapeptides reflected in Table 1 exhibit similar activ-

1ty.

TABLE 1
SEQ
D MW
R, aas aa, aaz aa, aa; R, NO (Da) cLogP
CH, Y K P Vv D CHO 1 6467 =251
CH;, Y K(Ac) P VvV D CHO 19 6888 -2.58
CH;, Y D P Vv D CHO 20 6337 -3.03
CH;, Y S P Vv D CHO 21 6056 -3.10
CH, Y C P Vv D CHO 22 6217 -2.28
CH;, F K P Vv D CHO 23 6307 -2.12
CH;, 4F—F K P Vv D CHO 24 6487 -1.96
benzyl Y K P Vv D CHO 25 7228 -147
benzyl Y D P Vv D CHO 26 7097 -1.75
CH;, Y K P F D CHO 27 6948 -1.72
CH;, Y D P F D CHO 28 6817 -2.24
CH;, Y K P A D CHO 29 6187 -3.39
CH, Y D P A D CHO 30 6056 -3.91
CH;, Y K vV VvV D CHO 31 6488 -1.84
CH;, Y D vV VvV D CHO 32 6357 -2.36
CH;, Y K P Y D CHO 33 7108 -2.11
CH, Y K P Vv D CHO 34 6977 -2.63

4F-F: 4-fluorophenylalanine

Thus, in one particular embodiment, the isolated polypep-
tide can include the amino acids Tyr-Lys-Pro-Val-Asp (SEQ
ID NO:1). In other particular embodiments, the isolated
polypeptide can include the amino acids of any one or more of
SEQ ID NO:19, SEQ ID NO:20, SEQ ID NO:21, SEQ 1D
NO:22, SEQ ID NO:23, SEQ ID NO: 24, SEQ ID NO:25,
SEQ ID NO:26, SEQ 1D NO:27, SEQ ID NO:28, SEQ 1D
NO:29, SEQ ID NO:30, SEQ ID NO:31, SEQ ID NO:32,
SEQ ID NO:33, or SEQ ID NO:34.

The amino acid sequences of the pentapeptides reflected in
Table 1 (SEQIDNO:1,SEQIDNO:19,SEQIDNO:20, SEQ
IDNO:21, SEQID NO:22, SEQ IDNO:23, SEQ ID NO: 24,
SEQ ID NO:25, SEQ ID NO:26, SEQ ID NO:27, SEQ 1D
NO:28, SEQ ID NO:29, SEQ ID NO:30, SEQ ID NO:31,
SEQ ID NO:32, SEQ ID NO:33, and SEQ ID NO:34) were
designed to mimic, at least in part, the site at which caspase-2
cleaves tau. In so doing, the polypeptides can inhibit caspase-
2-dependent cleavage of tau and the resulting production of
TCP30, TCP35, and/or TCP40. As used herein, “inhibit” and
variations thereof refer to any measurable reduction of
caspase-2-dependent cleavage of tau and/or any measurable
reduction in the presence of TCP30, TCP35, and/or TCP40
(collectively herein for brevity, “caspase-2 tau cleavage”).
The extent of inhibition may be characterized as a percentage
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of'a normal level of activity. Without wishing to be bound by
any particular theory, the isolated polypeptide can occupy the
active site of caspase-2. In some cases, the polypeptide may
serve as a competitive inhibitor of caspase-2 tau cleavage.

In some embodiments, the isolated polypeptide may be
variant of a pentapeptide reflected in Table 1 that includes one
or more additional amino acids appended to either terminus
of core pentapeptide (e.g., SEQ ID NO:1, SEQ ID NO:19,
SEQ ID NO:20, SEQ ID NO:21, SEQ ID NO:22, SEQ 1D
NO:23, SEQ ID NO: 24, SEQ ID NO:25, SEQ ID NO:26,
SEQ ID NO:27, SEQ ID NO:28, SEQ ID NO:29, SEQ 1D
NO:30, SEQ ID NO:31, SEQ ID NO:32, SEQ ID NO:33, or
SEQ ID NO:34) so long as the variant polypeptide retains the
ability to inhibit caspase-2 tau cleavage. Molecular modeling
algorithms make it routine for one to determine whether any
particular variant of a core pentapeptide will adopt a confor-
mation that will allow the variant to inhibit caspase-2 tau
cleavage. Thus, the isolated polypeptide can include an addi-
tion of, for example, 1, 2,3,4,5,6,7,8,9, 10,11, 12, 13, 14,
15, 16, 17, 18, 19, or 20 amino acid residues appended to
either terminus of a core pentapeptide. In certain embodi-
ments, the isolated polypeptide can include an addition of, for
example, no more than 10 amino acid residues to either ter-
minus of a core pentapeptide. In embodiments in which the
isolated polypeptide includes an addition to each terminus of
a core pentapeptide, the length and/or the particular amino
acid sequence added to one terminus may be independent of
the length and/or particular amino acid sequence added to the
other terminus.

In some embodiments, the isolated polypeptide also may
be a variant of a core pentapeptide that includes one or more
conservative substitutions so long as the variant polypeptide
retains the ability to inhibit caspase-2 tau cleavage. A conser-
vative substitution for an amino acid in the isolated polypep-
tide may be selected from other members of the class to which
the amino acid belongs. For example, it is well-known in the
art of protein biochemistry that an amino acid belonging to a
grouping of amino acids having a particular size or charac-
teristic (such as charge, hydrophobicity and hydrophilicity)
can be substituted for another amino acid without altering the
activity of a protein. For example, nonpolar (hydrophobic)
amino acids include alanine, leucine, isoleucine, valine, pro-
line, phenylalanine, tryptophan, and tyrosine. Polar neutral
amino acids include glycine, serine, threonine, cysteine,
tyrosine, asparagine and glutamine. The positively charged
(basic) amino acids include arginine, lysine and histidine. The
negatively charged (acidic) amino acids include aspartic acid
and glutamic acid. Conservative substitutions include, for
example, Lys for Arg and vice versa to maintain a positive
charge; Glu for Asp and vice versa to maintain a negative
charge; Ser for Thr so that a free —OH is maintained; and Gln
for Asn to maintain a free —NH,.

In some embodiments, the isolated polypeptide also can be
designed to provide additional sequences, such as, for
example, the addition of coding sequences for added C-ter-
minal or N-terminal amino acids that may facilitate purifica-
tion by trapping on columns or use of antibodies. Such tags
include, for example, histidine-rich tags that allow purifica-
tion of polypeptides on nickel columns. Such gene modifica-
tion techniques and suitable additional sequences are well
known in the molecular biology arts.

In some embodiments, the isolated polypeptide can
include one or more post-expression biological or chemical
modifications of the polypeptide such as for example, a gly-
cosylation, an acetylation, a phosphorylation, and the like, or
any combination of two or more such modifications.
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In some embodiments, the isolated polypeptide can be
modified to include a chemical group that can covalently or
non-covalently bind to the cysteine residue at the caspase-2
active site. For example, the isolated polypeptide can include
certain amino acid derivatives that can induce inhibitory
interactions with caspases. For example, a core pentapeptide
reflected in Table 1, or the polypeptides with conservative
amino acid substitutions as describe above, can be modified
to be peptide-Asp*, where Asp* can include a terminal modi-
fication reflected in, for example, the modifications shown as
R, in FIGS. 18C and 19C. R, can be as shown in FIG. 18C or
FIG. 19C or can be an acetyl group, an acyl group, an aryl
group, a heteroaryl group, a diaryl group, a biaryl group, or an
aralkyl group, any of which may be variously substituted In
the context of R,, “variously substituted” means that there
may be one or more substituent group present on that speci-
fied moiety. Exemplary substituent groups include, for
example, fluorine (F), chlorine (Cl), bromine (Br), trifluo-
romethyl (CF;), alkyl, hydroxy (OH), alkoxy (OR), alkylthio
(SR), cyano, carboxyl ester (CO,R), amino (NH,) or amido
(NHCOR).

In some embodiments, the isolated polypeptide may be
modified to include a chemical group reflected as R in FIG.
18B or FIG. 19A. R, can be modified to include an acetyl
group, an acyl group, an aryl group, a heteroaryl group, a
diaryl group, a biaryl group, or an aralkyl group, any of which
may be variously substituted. In the context of R,, “variously
substituted” means that there may be one or more substituent
group present on that specified moiety such as fluorine (F),
chlorine (Cl), bromine (Br), triftuoromethyl (CF,), alkyl,
hydroxy (OH), alkoxy (OR), alkylthio (SR), cyano, carboxyl
ester (CO,R), amino (NH,) or amido (NHCOR).

Amino acids aa,-aa5 can be any D-amino acid, L-amino-
acid, or unnatural amino acid such as, for example, a pseudo-
peptide, a dipepsipeptide, or a $3-aza aminoacid. More gen-
erally, an unnatural amino acids can also describe a
bioisoteric replacement of the lateral chain of natural amino
acids such as, for example, pyridinyl-, naphthyl-, homophe-
nyl-, thienyl-, quinolyl-, pyrimidyl-alanine for phenylala-
nine; tyrosine or tryptophan amino acid instead of tyrosine;
nor-leucine, cycloalkyl-alanine, cylohexyl glycine, spirocy-
loalkyl glycine for leucine, isoleucine, valine, alanine; piper-
azinyl-alanine for lysine; thiaproline, 3- and 4-fluoro-,
alkoxy-, aryloxy, alkylthio-, amino-proline for proline.

In some embodiments, aa, can be replaced as reflected in
FIG. 19B, where R5 is COOH, COR, CO,R, CN, OCO,R,
NO,, NCOR, SCOR, SOR, SO,R, NHSO,R, NHCOR, or
tetrazole; X is peptidic carbamoyl group, i.e., —CONH—,
can be replaced by peptidomimetic bonds such as, for
example, —CH,NH—, —COCH,, —CSNH—, and retro-
inverso bonds or oxazole, imidazole and thiophene, any of
which can be variously substituted. Exemplary substituents
can include, for example, fluorine (F), chlorine (Cl), bromine
(Br), trifluvoromethyl (CF;), alkyl, hydroxy (OH), alkoxy
(OR), alkylthio (SR), cyano, carboxyl ester (CO,R), amino
(NH,) or amido (NHCOR)).

Additionally, some embodiments of the isolated polypep-
tide can include any combination of two or more features of
the various embodiments described above. Moreover, the site
of any of the modifications described above may be to one or
more of the amino acid residues of a core pentapeptide or, in
some cases, to amino acids residues that are part of an addi-
tion to either the C-terminus or the N-terminus of a core
pentapeptide.

In some embodiments, the isolated polypeptide can
include a prodrug modification. As used herein, a “prodrug
modification” refers to a derivative of an isolated polypeptide
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as described herein that can undergo a chemical or enzymatic
biotransformation, thereby releasing the active isolated
polypeptide in the body. Various conventional prodrug modi-
fications are known in the pharmaceutical arts.

In some embodiments, the isolated polypeptide may be a
peptidomimetic. As used herein, the term “peptidomimetic”
refers to a polypeptide designed to mimic atemplate polypep-
tide, but includes at least one non-naturally occurring modi-
fication that results is in conferring a favorable characteristic
to the peptidomimetic. Various conventional modifications of
this sort—e.g., such as linking of amino acid side chains,
substitution of atoms in the peptide backbone, the replace-
ment of amino acids with aromatic rings or heteroaromatic
rings, substituting a D-amino acid residue for an L-amino
acids residues, or substituting a non-peptide linkage for a
peptide linkage between adjacent amino acid residues—are
known in the pharmaceutical arts. Exemplary non-peptide
linkages include, for example, —CH,NH—, —CH,S—,
—CH,—CH,—, —CH—CH— (cis and trans),
—COCH,—, —CH(OH)CH,—, or —CH,SO—. A peptido-
mimetic may possess one or more advantages over a natural
polypeptide including, for example, more economical pro-
duction, greater chemical stability, altered specificity, or
enhanced pharmacological properties such as half-life,
absorption, potency, or efficacy.

In another aspect, this disclosure provides compositions
that include the isolated polypeptide described above. Any
embodiment of the isolated polypeptide may be a component
of'such a composition.

The composition described herein can include a “pharma-
ceutically acceptable carrier” As used herein, “carrier”
includes any solvent, dispersion medium, vehicle, coating,
diluent, antibacterial, and/or antifungal agent, isotonic agent,
absorption delaying agent, buffer, carrier solution, suspen-
sion, colloid, and the like. The use of such media and/or
agents for pharmaceutical active substances is well known in
the art. Except insofar as any conventional media or agent is
incompatible with the isolated polypeptide, its use in the
therapeutic compositions is contemplated. Supplementary
active ingredients also can be incorporated into the composi-
tions. As used herein, “pharmaceutically acceptable” refers to
a material that is not biologically or otherwise undesirable,
i.e., the material may be administered to an individual along
with the isolated polypeptide without causing any undesir-
able biological effects or interacting in a deleterious manner
with any of the other components of the pharmaceutical com-
position in which it is contained.

A pharmaceutical composition that includes the isolated
polypeptide may be prepared as any suitable pharmaceutical
formulation. The pharmaceutical formulation may be any
suitable form adapted to a preferred route of administration.
Thus, a composition can be formulated to be administered via
known routes including, for example, oral, parenteral (e.g.,
intradermal, transcutaneous, subcutaneous, intramuscular,
intravenous, intraperitoneal, etc.), or topical (e.g., intranasal,
intrapulmonary, intramammary, intravaginal, intrauterine,
intradermal, transcutaneous, rectally, etc.). It is foreseen that
acomposition can be administered to a mucosal surface, such
as by administration to, for example, the nasal or respiratory
mucosa (e.g., by spray or aerosol). Also, a composition also
can be administered via a sustained or delayed release.

A formulation may be conveniently presented in unit dos-
age form and may be prepared by methods well known in the
art of pharmacy. Methods of preparing a composition with a
pharmaceutically acceptable carrier include the step of bring-
ing the isolated polypeptide into association with a carrier
that constitutes one or more accessory ingredients. In general,
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a formulation may be prepared by uniformly and/or inti-
mately bringing the active compound into association with a
liquid carrier, a finely divided solid carrier, or both, and then,
if necessary, shaping the product into the desired formula-
tions.

The isolated polypeptide may be provided in any suitable
form including but not limited to a solution, a suspension, an
emulsion, a spray, an aerosol, or any form of mixture. The
composition may be delivered in formulation with any phar-
maceutically acceptable excipient, carrier, or vehicle. For
example, the formulation may be delivered in a conventional
topical dosage form such as, for example, a cream, an oint-
ment, an aerosol formulation, a non-aerosol spray, a gel, a
lotion, and the like. The formulation may further include one
ormore additives including such as, for example, an adjuvant,
a skin penetration enhancer, a colorant, a fragrance, a flavor-
ing, a moisturizer, a thickener, and the like.

Thus, in another aspect, this disclosure provides methods
of providing treatment for tauopathy. As used herein, “treat,”
“treatment,” or variations thereof refer to reducing, amelio-
rating, or resolving, to any extent, at least one symptom or
clinical sign related to a tauopathic condition. As used herein,
“ameliorate” refers to any reduction in the extent, severity,
frequency, and/or likelihood of a symptom or clinical sign
characteristic of a particular condition. The treatments
described herein may be prophylactic and/or therapeutic. As
used herein, “prophylactic” and variations thereof refer to a
treatment that limits, to any extent, the development and/or
appearance of a symptom or clinical sign of a tauopathic
condition. As used herein, “therapeutic” and variations
thereof refer to a treatment that ameliorates one or more
existing symptoms or clinical signs associated with a tauo-
pathic condition. As used herein, “sign” or “clinical sign”
refers to an objective physical finding relating to a tauopathic
condition capable of being found by one other than the
patient. As used herein, “symptom” refers to any subjective
evidence of tauopathic condition. The “subject” receiving
treatment according to the methods described herein can
include, for example, animals such as, but not limited to,
humans, non-human primates, rodents, dogs, cats, horses,
pigs, sheep, goats, or cows.

In some embodiments, the method generally includes
administering to a subject having or at risk of having a tauo-
pathic condition an amount of a pharmaceutical composition
as described herein effective to inhibit to any of degree
caspase-2 tau cleavage. In other embodiments, the method
generally includes administering to a subject having or at risk
of'having a tauopathic condition an amount of a pharmaceu-
tical composition as described herein effective to ameliorate
at least one clinical sign or symptom characteristic of the
tauopathic condition. In other embodiments, the method gen-
erally includes administering to a subject having or at risk of
having a tauopathic condition an amount of a pharmaceutical
composition as described herein effective to protect the sub-
ject against development of a tauopathic condition.

Asused herein, “at risk” refers to a subject that may or may
not actually possess the described risk. Thus, for example, a
subject “at risk” for developing a tauopathic condition is a
subject that possesses one or more indicia of increased risk of
having, or developing, the specified condition compared to
individuals who lack the one or more indicia, regardless of the
whether the subject manifests any symptom or clinical sign of
having or developing the condition. Exemplary indicia of
tauopathic conditions can include, for example, mutations in
certain genes (e.g., APP, PSEN1, PSEN2, CHMP2B, FUS,
GRN, MAPT, TARDBP, VCP, and/or the APOE4 variant of
APOE) and/or a family history of Alzheimer’s disease or
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frontotemporal dementia. As used herein, “protect” refers to
any delay in the onset of at least one symptom or clinical sign
characteristic of a particular condition, or any reduction in the
extent, severity, frequency, and/or likelihood of the onset of at
least one symptom or clinical sign characteristic of a particu-
lar condition.

The amount of the isolated polypeptide administered can
vary depending on various factors including, but not limited
to, the specific isolated polypeptide, the weight, physical
condition, and/or age of the subject, and/or the route of
administration. Thus, the absolute weight of isolated
polypeptide included in a given unit dosage form can vary
widely, and depends upon factors such as the species, age,
weight and physical condition of the subject, as well as the
method of administration. Accordingly, it is not practical to
set forth generally the amount that constitutes an amount of
the isolated polypeptide effective for all possible applica-
tions. Those of ordinary skill in the art, however, can readily
determine the appropriate amount with due consideration of
such factors.

In some embodiments, the method can include administer-
ing sufficient [active agent] to provide a dose of, for example,
from about 100 ng/kg to about 50 mg/kg to the subject,
although in some embodiments the methods may be per-
formed by administering the isolated polypeptide in a dose
outside this range. In some of these embodiments, the method
includes administering sufficient isolated polypeptide to pro-
vide a dose of from about 10 pg/kg to about 5 mg/kg to the
subject, for example, a dose of from about 100 pg/kg to about
1 mg/kg.

Alternatively, the dose may be calculated using actual body
weight obtained just prior to the beginning of a treatment
course. For the dosages calculated in this way, body surface
area (m?) is calculated prior to the beginning of the treatment
course using the Dubois method: m*=(wt kg®***xheight
cm®7%%)x0.007184.

In some embodiments, the method can include administer-
ing sufficient isolated polypeptide to provide a dose of, for
example, from about 0.01 mg/m? to about 10 mg/m?.

In some embodiments, the isolated polypeptide may be
administered, for example, from a single dose to multiple
doses per week, although in some embodiments the method
can be performed by administering the isolated polypeptide at
a frequency outside this range. In certain embodiments, the
isolated polypeptide may be administered from about once
per month to about five times per week.

In another aspect, we provide herein a novel assay for
identifying additional inhibitors of caspase-2 tau cleavage.
We have synthesized novel fluorescently N-terminal tagged
polypeptides and used these novel tagged polypeptides to
develop an assay that identifies inhibitors of caspase-2 tau
cleavage. The assay involves combining a substrate polypep-
tide (e.g., SEQ ID NO:2 or SEQ ID NO:4) with caspase-2 and
a test compound under conditions effective to allow the
caspase-2 to cleave the substrate in the absence of the test
compound. After a suitable incubation time, one can measure
the mobility shift of the cleaved (product) and un-cleaved
(substrate) peptides (e.g., using a Caliper LC3000 instru-
ment). This assay is suitable for a high throughput screening
campaign to identify novel compounds that inhibit caspase-
2-dependent cleavage of the substrate.

Exemplary substrate/product polypeptide pairs used in the
assay include FITC-AHX-GSVQIVYKPVDLSKVTS-
COOH (SEQ ID NO:2) and FITC-AHX-GSVQIVYKPVD-
COOH (SEQ ID NO:3), in which SEQ ID NO:3 is the
caspase-2 cleavage product of substrate SEQ ID NO:2. In
other embodiments, the substrate/product polypeptide pair
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can include  FITC-AHX-GSVQIVYK(acety)PVDL-
SKVTS-COOH (SEQ ID NO:4) and FITC-AHX-GSV-
QIVYK(acety)PVD-COOH (SEQ ID NO:5), in which SEQ
1D NO:5 is the caspase-2 cleavage product of substrate SEQ
1D NO:4. The exemplary substrate/product polypeptide pairs
are shown with FITC as a fluorescent label. However, the
assay may be performed using any other suitable label or tag
conventional for high throughput screening methods.

In some embodiments, the one or both polypeptides of the
exemplary substrate/product polypeptide pairs identified
immediately above may be a variant of SEQ ID NO:2, SEQ
IDNO:3, SEQ ID NO:4 or SEQ ID NO:5 that includes one or
more additional amino acids appended to either terminus of
the indicated amino acid sequence so long as the substrate/
product pair retains the stated caspase-2 cleavage substrate/
product relationship. Molecular modeling algorithms make it
routine for one to determine whether any particular variants
of a substrate/product pair will adopt a conformation that will
allow the variants to retain a caspase-2 cleavage substrate/
product relationship. Thus, each member of a substrate/prod-
uct pair can include an addition of, for example, 1, 2, 3, 4, 5,
6,7,8,9,10,11, 12, 13, 14, 15, 16, 17, 18, 19, or 20 amino
acid residues appended to either terminus of SEQ 1D NO:2,
SEQ ID NO:3, SEQ ID NO:4, or SEQ ID NO:5, with the
proviso that the appended amino acid residues do not intro-
duce additional caspase-2 cleavage sites.

In some embodiments, one or both polypeptides of a sub-
strate/product pair may be a variant of SEQ ID NO:2, SEQ ID
NO:3, SEQ ID NO:4 or SEQ ID NO:5 that includes one or
more conservative substitutions so long as the substrate/prod-
uct pair retains the stated caspase-2 cleavage substrate/prod-
uct relationship. A conservative substitution for an amino acid
in a substrate polypeptide or product polypeptide may be
selected from other members of the class to which the amino
acid belongs. For example, it is well-known in the art of
protein biochemistry that an amino acid belonging to a group-
ing of amino acids having a particular size or characteristic
(such as charge, hydrophobicity and hydrophilicity) can be
substituted for another amino acid without altering the activ-
ity of a protein. For example, nonpolar (hydrophobic) amino
acids include alanine, leucine, isoleucine, valine, proline,
phenylalanine, tryptophan, and tyrosine. Polar neutral amino
acids include glycine, serine, threonine, cysteine, tyrosine,
asparagine and glutamine. The positively charged (basic)
amino acids include arginine, lysine and histidine. The nega-
tively charged (acidic) amino acids include aspartic acid and
glutamic acid. Conservative substitutions include, for
example, Lys for Arg and vice versa to maintain a positive
charge; Glu for Asp and vice versa to maintain a negative
charge; Ser for Thr so that a free —OH is maintained; and Gln
for Asn to maintain a free —NH,.

In some embodiments, the one or both polypeptides of a
substrate/product pair may be designed to provide additional
sequences, such as, for example, the addition of coding
sequences for added C-terminal or N-terminal amino acids
that would facilitate purification by trapping on columns or
use of antibodies. Such tags include, for example, histidine-
rich tags that allow purification of polypeptides on nickel
columns. Such gene modification techniques and suitable
additional sequences are well known in the molecular biology
arts.

In some embodiments, the one or both polypeptides of a
substrate/product pair can include one or more post-expres-
sion modifications of the polypeptide such as for example, a
glycosylation, an acetylation, a phosphorylation, and the like,
or any combination of two or more such modifications. Here
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again, such modifications are permissible so long as the sub-
strate/product pair retains the stated caspase-2 cleavage sub-
strate/product relationship.

Additionally, in some embodiments, one or both of the
polypeptides in a substrate/product pair can include any com-
bination of two or more features of the various embodiments
described above. Within a substrate/product pair, however, it
is not necessary that the substrate polypeptide and the product
polypeptide include identical modifications so long as the
variant polypeptides retain their caspase-2 cleavage sub-
strate/product relationship.

Since acetylation is a known mechanism of protein activity
modulation, substrate SEQ ID NO:4 (or variants of SEQ ID
NO:4 as described immediately above), for example, may be
used in a similar mobility shift assay to detect deacetylation
inhibitors. Alternatively, inhibitors of a transacetylase could
be detected using the mobility shift of the appropriate paired
sets of fluorescently tagged peptides and deacetylases and
transacetylases.

In another aspect, this disclosure provides antibody prepa-
rations that include antibody that specifically binds to SEQ ID
NO: 10 such as, for example, SEQ ID NO:12. As used herein,
the term “antibody” without an article or adjectival modifier,
generically refers to preparations that can include either a
homogenous population of a single immunoglobulin mol-
ecule (e.g., a monoclonal antibody preparation) or a hetero-
geneous population of a plurality of immunoglobulin mol-
ecules (e.g., a polyclonal antibody preparation). As used
herein, “specifically binds” and variations thereof refer to the
character of exhibiting differential or a non-general (i.e., non-
specific) affinity, to any degree, for a particular target such as,
for example, SEQ ID NO:12. Thus, the term “specifically
binds” does not imply or suggest that universally exclusive
specific binding is required in order for, for example, an
antibody to “specifically binds™ a particular target.

Thus, the antibody preparation may be a polyclonal anti-
body preparation that specifically binds to SEQ ID NO:12
such as, for example, H1485, described in detail in the
Examples section, below. Alternatively, the antibody prepa-
ration can include a monoclonal antibody that specifically
binds to SEQ ID NO:12. The production of a monoclonal
antibody that specifically binds to a particular polypeptide
target is routine for those of skill in the art once the polypep-
tide target is identified using conventional methods.

In yet another aspect, this disclosure provides a method
that generally includes contacting a biological sample from a
subject that includes cerebral spinal fluid with an antibody
preparation that includes antibody that specifically binds to
SEQ ID NO:10 or specifically binds to SEQ ID NO:12, then
detecting a ligand in the sample that specifically binds the
antibody preparation. Detecting a ligand in the sample that
specifically binds the antibody preparation can indicate that
the subject from the sample is obtained has or is at risk of
having a tauopathic condition. Thus, in some cases, the ligand
to which the antibody preparation specifically binds can
include the amino acids of SEQ ID NO:10 or the amino acids
of SEQ ID NO:12 including, for example, a product of
caspase-2 tau cleavage.

The method may be practiced using a sample obtained
from a subject that exhibits one or more symptoms or clinical
signs of a tauopathic conditions. In such circumstances, the
method may confirm a diagnosis that the subject has a tauo-
pathic condition. In other cases, the method may be practiced
using a sample obtained from a subject that does not exhibit
one or more symptoms or clinical signs of a tauopathic con-
dition. In such circumstances, the method may be used to
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identify the subject from whom the sample is obtained as
having or at risk of having a tauopathic condition.

In another aspect, this disclosure provides an aptamer
preparation that includes one or more aptamers that specifi-
cally bind to SEQ ID NO:10 such as, for example, SEQ ID
NO:12. As used herein, the term “aptamer” without an article
or adjectival modifier, generically refers to a preparation that
can include either a homogenous population of a single nucle-
otide sequence (e.g., a DNA or RNA aptamer preparation) or
a homogenous population of a chemically-modified nucle-
otide sequence (e.g., a chemically-modified nucleotide
aptamer preparation). In this context, too, “specifically binds”
and variations thereof refer to the character of exhibiting
differential or a non-general (i.e., non-specific) affinity, to any
degree, for a particular target such as, for example, SEQ ID
NO: 12. Thus, the term “specifically binds,” in the context of
an aptamer preparation, does not imply or suggest that uni-
versally exclusive specific binding is required in order for, for
example, an aptamer to “specifically bind” a particular target.

Thus, the aptamer preparation may be a nucleotide
sequence preparation that specifically binds to SEQ ID
NO:10 or SEQ ID NO:12. Alternatively, the aptamer prepa-
ration can include a chemically-modified aptamer based on a
developed nucleotide sequence that specifically binds to SEQ
1D NO:10 or SEQ ID NO: 12. The production of a chemi-
cally-modified aptamer that specifically binds to a particular
polypeptide target is routine for those of skill in the art once
the parent nucleotide sequence is identified using conven-
tional methods.

In yet another aspect, this disclosure provides a method
that generally includes contacting a biological sample from a
subject that includes cerebral spinal fluid with an aptamer
preparation that includes aptamer that specifically binds to
SEQ ID NO:10 or specifically binds to SEQ ID NO:12, then
detecting a ligand in the sample that specifically binds the
aptamer preparation. Detecting a ligand in the sample that
specifically binds the aptamer preparation can indicate that
the subject from the sample obtained, has, or is at risk of
having a tauopathic condition. Thus, in some cases, the ligand
to which the aptamer preparation specifically binds can
include the amino acids of SEQ ID NO:10 or SEQ ID NO: 12
including, for example, a product of caspase-2 tau cleavage.

The method may be practiced using a sample obtained
from a subject that exhibits one or more symptoms or clinical
signs of a tauopathic conditions. In such circumstances, the
method may confirm a diagnosis that the subject has a tauo-
pathic condition. In other cases, the method may be practiced
using a sample obtained from a subject that does not exhibit
one or more symptoms or clinical signs of a tauopathic con-
dition. In such circumstances, the method may be used to
identify the subject from whom the sample is obtained as
having, or at risk of having, a tauopathic condition.

This disclosure further provides a transgenic mouse model
(rTg4510, described in the Examples section below) created
to study the etiology of dementia in tauopathy. We found no
relationship between neurofibrillary tangles and memory loss
in rTg4510 mice, suggesting neurofibrillary tangles may rep-
resent an attempted neuroprotective sequestration of tau
rather than a causative lesion underlying impairment. In addi-
tion, the data supported the possibility that the tau species
responsible for inducing cognitive deficits is a functional
protein that lies upstream of neurofibrillary tangle formation.
The data indicated that memory function in rTg4510 mice
improved when the production of soluble forms of tau was
inhibited. Therefore, after eliminating tangles as a cause of

20

30

40

45

55

16

memory loss in rTgd510 mice, we focused our studies on
soluble forms of tau that precede the formation of neurofibril-
lary tangles.

Specifically, we sought to identify soluble forms of tau
whose expression precedes the formation of tangles. Initially,
we identified candidate tau* molecules (normalized densito-
metry) that inversely correlated with retention of spatial ref-
erence memory in a water maze, prior to neuron loss or tangle
formation. We successfully used a similar strategy to identify
the specific AP assembly responsible for the development of
cognitive impairment in Tg2576 mice. We employed a 3-step
procedure, modified from the one we used to examine A
oligomers, to separate tau peptides into distinct soluble extra/
intracellular (S1), membrane-associated (S2) and insoluble
pools.

Immunohistochemical (IHC) studies of rTg4510 show a
consistent hierarchy for the expression of pathological tau
epitopes, with CP-13 and MC-1 representing the earliest bio-
chemical changes in tau. Following the IHC studies, we
hypothesized that the biochemical alteration of tau that
induced cognitive impairment would involve early pathologi-
cal changes in these specific molecular states. However, we
did not observe any substantial correlations (i.e., r*>0.5)
between biochemical expression and retention of spatial ref-
erence memory (Table 2). Further analysis of a panel of 12
antibodies failed to reveal close relationships between
expression of specific 55 kDa (full-length) tau isoforms and
memory function.

TABLE 2
Examples of epitopes that did not indicate a correlation between
memory retention and 55 kDa tau expression
Antibody S1 (extra-/intra-cellular) S2 (membrane-associated)
MC-1 ? =0.002 ? =0.006
CP-13 ? =0.006 ?=0.001
PHF-1 ?=0.190 ?=0.130
pThr?3! 2 =0.100 2 =0.050
AT180 2 =0.002 ? =0.001

We turned our attention to other possible biochemical
changes that may underlie tau-induced memory dysfunction.
We considered, for example, changes in phosphorylation,
conformation, solubility, oligomerization, and cleavage that
may represent changes in tau biochemistry that induce cog-
nitive impairment. Our rTg4510 mice lacked tau fragments
reported by others, including the tau fragment cleaved by
multiple caspases at D421 (Gamblin et al., PNAS, 2003, 100
(17):10032-10037), the tau fragment cleaved by caspase-6 at
D402 (Guo et al., Am J Path, 2004), the 17-kDa calpain-
cleaved tau fragment that is involved in AB-dependent death
of cultured neurons (Park & Ferreira, J Neurosci, 2005), and
the thrombin-cleaved tau fragments found in tangles (Arai et
al., J Biol Chem, 2005).

In the course of performing these correlation experiments,
we consistently observed the presence of TCP35 in the brains
of rTgd510 mice, particularly in the hippocampus and cortex.
The levels of TCP35 were lower in cognitively intact age-
matched rTg21221 mice expressing wild-type tau at levels
equivalent to tau,;,,; in rTgd510, arguing against the possi-
bility that TCP35 was an artifact caused by protein degrada-
tion while protein is being extracted from rTg4510 brain or
during gel electrophoresis. When we examined the relative
expression of TCP35 in relation to measures of behavior, we
observed highly significant inverse relationships (FIG. 1).
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Since memory deficits in rT'g4510 mice develop in an
age-dependent fashion, we also examined the expression of
TCP35 at different ages and found that the expression of
TCP3S5 parallels the development of impaired memory (FIG.
2). Taken together, the data indicate that TCP35 correlates
with cognitive impairment prior to the onset of neurodegen-
eration in rTg4510 mice.

Next, we characterized TCP35. On the basis of the immu-
nospecificity of TCP35 on western blots, we deduced that
TCP35 is an N-terminal fragment of tau (FIG. 3). Caspases
typically cleave after aspartate residues, providing the oppor-
tunity to examine the molecular weights of a series of recom-
binant proteins mimicking tau, cleaved at the four aspartate
residues located in the region in tau that, when cleaved, would
generate a fragment approximating 35 kDa. One truncation
mutant, tauAC314, most closely approximated TCP35 in
molecular weight (FIG. 4).

We next assayed the ability of each of the eight different
caspases expressed in the brain to cleave tau purified from
brain extracts from tau-expressing transgenic mice or synthe-
sized using recombinant methods. Only one of the caspases,
caspase-2, generated a 35 kDa tau fragment (FIG. 5), presum-
ably recognizing the non-canonical cleavage sequence
KPVD;,, (SEQ ID NO:24), albeit cleaving with significantly
less efficiency than at D421. In most cells caspase-2 localizes
to the nucleus, but in neurons caspase-2 is cytosolic, where it
would have access to tau, a necessary requirement for impli-
cating this protease.

We then prepared tau mutants D314E and D314G that
resisted caspase-2 cleavage (FIG. 6), further supporting our
hypothesis that TCP35 is generated when tau is cleaved by
caspase-2 at D314.

Next, we generated H1485 polyclonal antibodies specifi-
cally recognizing the C-terminal neo-epitope of tauAC314 to
probe brain extracts from impaired rTg4510 mice. In
rTg4510 (Tau-positive) but not TgNeg mice, we found a 35
kDa H1485-immunoreactive band that co-migrates with
TCP3S5 in brain proteins that were immunoprecipitated with
Tau-13 mAbs (FIG. 7). The data provide further support for
our hypothesis that caspase-2 cleavage at tau D314 generates
TCP35.

In some embodiments, TCP35 can include a polypeptide
having the amino acid sequence depicted in SEQ ID NO:16.
In other embodiments, TCP35 can include a polypeptide hav-
ing the amino acid sequence depicted in SEQ ID NO:17. The
H1485 polyclonal antibody also recognizes TCP40 cleavage
products (SEQ ID NO:14 and SEQ ID NO:15) and a TCP30
tau cleavage product (SEQ ID NO:18) (FIG. 13).

Tau cleavage product levels increase in patients with mild
cognitive impairment and Alzheimer’s disease. The protein
levels of TCP35, TCP40, and TCP30 were quantified, respec-
tively (FIG. 14). The total protein levels of TCP35, TCP40
and TCP30 (TCP) were also quantified.

Images of rat hippocampal neurons coexpressing Dsred
and GFP-tagged wild-type tau or tau P301 L. mutant are shown
in FIG. 15. Neurons were treated with caspase-2 inhibitor
Ac-VDVAD-CHO (SEQ ID NO:36) or caspase-3 inhibitor
Ac-DEVD-CHO (SEQ ID NO:37) for 1 day. FIG. 16 shows
the quantification of total spines and GFP-tau-containing
spines in neurons coexpressing DsRed and GFP-tau. As the
concentration of caspase-2 inhibitor increases, the number of
spines with tau decreases.

The observations that (1) TCP35 appears at 4.5 months,
when cognition declines, (2) TCP35 exhibits a statistically
significant correlation with memory impairment, (3) TCP35
co-migrates with both tauAC314 and a tau fragment gener-
ated following incubation with caspase-2, and (4) tauAC314
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is present in rTg4510 but not TgNeg brain extracts suggest
that TCP35 is tau* and that caspase-2 cleaves tau at D314 to
generate TCP35. These data, however, are correlative rather
than causative. Thus, we next determined whether TCP35
causes neuronal dysfunction. We began by assaying its effects
on dendritic spines, which are loci of synaptic plasticity
underlying learning and memory.

Healthy neurons maintain a spatial gradient of tau, whose
concentration is greater in axons than in somatodendritic
compartments. In neurological disorders such as Alzheimer’s
disease, the gradient becomes inverted. One consequence of
this inversion is aberrant accumulation of tau within intact
dendritic spines, where it can disrupt synaptic function by
impairing glutamate receptor trafficking and/or synaptic
anchoring. We tracked chimeric tau molecules tagged at the
N-terminus with GFP and found that the P301L mutation and
pseudo-hyperphosphorylation of tau both enhance its mislo-
calization to spines, with hyperphosphorylation appearing
downstream of the mutation since pseudo-hyperphosphory-
lation is sufficient to misdirect wild-type tau and blocking
phosphorylation prevents the mislocalization of tau ;. The
abnormal presence of tau in spines corresponded to a reduc-
tion in the clustering of both AMPA and NMDA receptors in
spines, resulting in smaller amplitudes and frequencies of
miniature excitatory post-synaptic currents (mEPSCs).

In these experiments, we could not assess the role of
TCP35 in mediating tau mislocalization and subsequent syn-
aptic impairment because the GFP-tagged tau variants did not
distinguish between full-length and truncated tau. In our ini-
tial experiments to determine whether TCP35 has the poten-
tial to disrupt neuronal function, we expressed GFP-tagged
tauAC314 in rat primary neuronal cultures and found that,
like taup;,,; and pseudo-hyperphosphorylated tau,
tauAC314 also mislocalizes to dendritic spines (FIG. 8). We
noted that wild-type tau did not mislocalize, although
caspase-2 cleaves wild-type recombinant tau in vitro.
Caspase-2 cleavage of wild-type in neurons may involve
phosphorylation.

The family of mammalian caspases shows close homology
to the C. elegans apoptotic protein CED-3, and caspase-2 is
the most conserved member of this family. Mammalian
caspases possess many different functions beyond mediating
apoptosis. Indeed, their non-death activities may be evolu-
tionarily older than their lethal functions. For example, in
addition to its involvement in specific types of apoptosis,
caspase-2 also functions in DNA repair, cell cycle regulation
and tumor suppression. These cellular pathways may be
involved in Alzheimer’s and other neurodegenerative dis-
eases.

To determine whether cleavage of tau by caspase-2 medi-
ates tau mislocalization in cultured neurons, one can examine
tau trafficking in neurons derived from caspase-2 null mice,
which are commercially available from vendors such as, for
example, can be obtained from The Jackson Laboratory (Bar
Harbor, Me.). One can determine whether the absence of
caspase-2 prevents the mislocalization of pseudo-hyperphos-
phorylated tau and tau .5, ;. If so, caspase-2 may mediate tau
mislocalization.

TauAC314 mislocalizes to spines (FIG. 8). Moreover, tau
phosphorylation at 14 proline-directed serine and threonine
sites (SP/TP) potentiates tau mislocalization. Conversely,
preventing phosphorylation at the SP/TP sites blocks tau5q, ,
mislocalization. To determine the order of the cleavage and
phosphorylation events, one can prepare a series of GFP-
tagged tauAC314 and tau,; ., variants in which one can
change the SP/TP residues to, for example, either (1) non-
polar alanine residues to prevent phosphorylation, termed AP
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for alanine-proline, or (2) negatively charged glutamate resi-
dues to mimic phosphorylation, termed EP for glutamate-
proline. Particularly informative data can be obtained from
experiments involving tauAC314 in the AP tau variant and
taly,, 45 in the EP tau variant. For example, when cleavage
followed by SP/TP phosphorylation results in tau mislocal-
ization, then tauAC314 in the AP tau variant may not mislo-
calize to spines. When cleavage is downstream of SP/TP
phosphorylation, then mislocalization of tauAC314 may
occur in both the AP and the EP tau variants. A practical
implication of cleavage occurring downstream of hyperphos-
phorylation may be the possibility of targeting caspase-2
rather than tau kinases. Such a strategy may produce a lower
chance of undesirable—even dangerous—side effects, given
how few deficits occur in caspase-2 null mice.

Using the neurons generated to address the previous two
questions, one can examine the pattern of glutamate receptors
(NR1, GluR1, GluR2/3) by immunolocalization and measure
the amplitude and frequency of mEPSCs by patch clamping.
These data can establish the extent to which the cleavage of
tau by caspase-2 in neurons affects synaptic function.

The presence of tau in dendritic spines can mediate brain
dysfunction in AP and tau mouse models. However, contrast-
ing mechanisms of action have been proposed: a) in one
model it is the ability of tau in spines to stabilize NMDA
receptor activity that mediates Af-induced memory dysfunc-
tion (Ittner et al., Cell, 2010); b) in another model it is the
ability of tau in spines to decrease NMDA and AMPA recep-
tor activation that mediates tau-induced memory dysfunction
(Hoover et al., Neuron, 2010). In neither model, however, has
the specific form of tau that mediates memory loss been
identified in vivo. Thus, our identification of TCP35 repre-
sents an advance regardless of the mechanism of tau-induced
brain dysfunction.

One can assess the role of TCP35 by genetically ablating
caspase-2 in rlI'g4510 mice, which should substantially
limit—perhaps even eliminate—the presence of TCP35.
TCP35 levels can be monitored using, for example, Tau-13
mAb and H1485 neo-epitope antibodies. rTgd510 (“r” for
regulatable) may be generated by mating activator (129S6-
TgtTA) and responder (FVB-Tg4510) mice. Caspase-2 null
mice are in a B6 background strain. To obtain the desired
mice, one can breed hemizygous caspase-2 activator and
responder mice in this exemplary cross:

129S6B6F1-Tgt TA@ 52+ FVBB6F1 -
Te451 (easpase2d/+

Only 1:16 offspring will be rTg4510°@pase2 P/ op
rTga510°%P®se2+/+ mice,

Since caspase-2 null mice have intact memory function,
one can use caspase-2 null mice to determine whether
caspase-2 is required for rTg4510 mice to develop memory
deficits by comparing memory function inrTg4510 caspase-2
null (rTgd510°4P4e2 PPy mice and rTg4510°wPse-2+/ (it
termates.

One also can perform longitudinal behavioral testing in
these crosses to assess behavior both before and after the
onset of deficits, in order to test the null hypothesis that there
is no significant age by caspase-2 interaction. One can test
memory using a water maze. However, because the water
maze can be difficult to interpret in longitudinal tests, one can
supplement the water maze with, for example, one or more of
three operant tests: 1) fixed consecutive number test of corti-
cal function; 2) delayed non-matching to sample test of hip-
pocampal function; and 3) active avoidance test of hippoc-
ampal function.
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Finally, one can examine human frontal cortex specimens
for the presence of TCP35. Suitable specimens include speci-
mens obtained from, for example, the Memory and Aging
Project (MAP) from elderly community-dwelling volunteers
with no cognitive impairment, mild cognitive impairment,
Alzheimer’s disease, or frontotemporal dementia. An anti-
body such as, for example, H1485 neo-epitope antibodies to
tauAC314 may be used to measure TCP35 in brain tissue from
samples obtained from subjects (e.g., MAP specimens). FIG.
12 shows the identification of TCP35 in human cerebrospinal
fluid obtained from subjects diagnosed with tauopathy.

In the preceding description, particular embodiments may
be described in isolation for clarity. Unless otherwise
expressly specified that the features of a particular embodi-
ment are incompatible with the features of another embodi-
ment, certain embodiments can include a combination of
compatible features described herein in connection with one
or more embodiments.

For any method disclosed herein that includes discrete
steps, the steps may be conducted in any feasible order. And,
as appropriate, any combination of two or more steps may be
conducted simultaneously.

The present invention is illustrated by the following
examples. It is to be understood that the particular examples,
materials, amounts, and procedures are to be interpreted
broadly in accordance with the scope and spirit of the inven-
tion as set forth herein.

EXAMPLES
The rTg4510 Mouse Model

To study the etiology of dementia in tauopathy, we created
a transgenic mouse model expressing the P301L mutation in
human tau (taup;q, ;) linked to a dominantly inherited tau-
opathy. In an age dependent manner these mice develop: 1)
neurofibrillary pathology; ii) forebrain specific neurodegen-
eration; and memory impairment and/or dementia. Pathologi-
cal biochemical changes in tau are detected from 2.5 months
of'age. The onset of memory deficits is first observed at 2.5
months and is significant at 4 months. Mature neurofibrillary
tangles appear at 4 months. Significant neuronal loss is esti-
mated by stereology to occur at 5.5 months and is most
striking in the hippocampus CA1 subfield. For a comprehen-
sive description see Ramsden et al.,, J Neurosci., 2005,
25:10637-10647.

One feature of rTg4510, compared to many other tau trans-
genic mice, is the preservation of motor function, achieved by
engineering the transgene to avoid expression in the brain-
stem, which permits the clean interpretation of cognitive tests
uncomplicated by motor or sensory abnormalities. Another
feature of rTg4510 is that the first neurological deficits appear
ata few months of age, compared with one or two years of age
in many other models. The early onset of tauopathy in
rTg4510, achieved by overexpressing the human tau trans-
gene, allows one to perform our studies relatively quickly.

Example 1
Animals

Briefly, rTg(tauP3011.)4510 and rTg(tauWT)21221 mice
were generated using a system of responder and activator
transgenes to achieve regulatable expression (Hoover et al.,
Neuron, 2010). Mice expressing the activator transgenes were
derived following a generous gift from Dr. E. Kandel (Colum-
bia University, New York, N.Y.) (Mayford et al., Science,
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1996) and successively backcrossed a minimum of five times
onto a 12956 background strain. Responder mice were main-
tained in the FVB/N strain. Mice were screened by PCR using
the primer pairs 5-GATTAACAGCGCATTAGAGCTG-3'
(SEQ ID NO:6) and 5'-GCATATGATCAATTCAAGGC-
CGATAAG-3' (SEQ ID NO:7) for activator transgenes and
5'-TGAACCAGGATGGCTGAGCC-3' (SEQ ID NO:8) and
5-TTGTCATCGCTTCCAGTCCCCG-3' (SEQ ID NO:9)
for responder transgenes. Doxycycline 200 ppm in chow was
administered to mice ad libitum to suppress transgene expres-
sion. The caspase-2 null (caspase-2d/P) mice were pur-
chased from the Jackson Laboratory and crossed with the
activator (12956-TgtTA) and responder (FVB-Tg4510) mice
separately. The offspring 1290S6B6F1-TgtTAPase-2®+ apnd
FVBBG6F1-Tg4510°4745¢ 2% mice were further crossed to
obtain rTgd510°P®se2®/® and Tgd510°%P%e2++ [itter-
mates. All experiments with animals were conducted in full
accordance with the American Association for the Accredita-
tion of Laboratory Animal Care and Institutional Animal Care
and Use Committee at the University of Minnesota.
Behavioral Analysis

Spatial reference memory was measured using the Morris
water maze tailored to more rapid learning in the 129FVBF1
background strain (Westerman et al., J Neurosci, 2002). Mice
were handled 60 seconds per day for 10 days during the 2
weeks before the initiation of testing. Prehandling was
designed to condition the mice to manipulations that would be
experienced during introduction and removal from the testing
pool and included a 20 seconds exposure to water at a depth of
1 cm. Mice then received visible platform training for 3 days
(six trials per day) and hidden platform training for 6 days
(four trials per day). The spatial cues and hidden platform
location were changed at each age tested. Four probe trials of
30 seconds were performed 20 hours after either 8 hours, 12
hours, 16 hours, or 24 hours hidden training trials. The mean
platform score and platform crossing index were calculated.
All trials were monitored using a computerized tracking sys-
tem (Noldus EthoVision 3.0; Noldus Information Technol-
ogy, Wageningen, The Netherlands), and performance mea-
sures were extracted using Wintrack (Wolfer et al., Physiol
Behav, 2001).
Protein Extraction

Mouse brain tissue for biochemical studies was rapidly
dissected and quickly frozen for storage at —80° C. To gener-
ate forebrain lysates, olfactory bulbs, corticolimbic and sub-
cortical brain stem structures, and the cerebellum were all
removed. Frozen hemi-forebrains were thawed and mixed
with 1 ml of solution containing 50 mM Tris-HCl (pH 7.4),
150 mM NaCl, 1% Triton X-100, 3% SDS, 1% deoxycholate,
phosphate inhibitor cocktail, 0.2 mM 1,10-phenanthroline, 1
mM phenylmethylsulfonyl fluoride, and protease inhibitor
cocktail (Sigma-Aldrich, St. Louis, Mo.). Soluble proteins
were collected from mechanically homogenized lysates (1 ml
syringe, 20 gauge needle [10 repeats]) following centrifuga-
tion for 90 minutes at 13,000 rpm. Protein concentrations
were measured by using Pierce BCA protein assay kit
(Thermo Fisher Scientific, Waltham, Mass.) following manu-
facturer’s instruction.
DNA Constructs

All tau constructs used for transfecting neuronal cultures
were tagged with GFP on the N terminus and expressed in the
pRKS vector and driven by a cytomegalovirus (CMV) pro-
moter (Clontech Laboratories, Inc., Mountain View, Calif.) as
described in Hoover et al., Neuror 2010. The GFP and DsRed
constructs (Clontech Laboratories, Inc., Mountain View,
Calif.) were also expressed in the pRKS vector and driven by
a CMV promoter. The full-length tau construct encoded
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human four-repeat tau lacking the N-terminal region (4RON)
and contained exons 1, 4 and 5, 7, and 9-13, intron 13, and
exon 14. The GFP-tagged AC314 construct was generated
from the full-length tau sequence by mutating Leu315 residue
to a stop codon with a QuikChange site-directed mutagenesis
kit (Stratagene, Agilent Technologies, Inc., Santa Clara,
Calif.). To synthesize recombinant tau proteins, full-length
tau was subcloned from pRKS vector into pcDNA3 vector
(Invitrogen, Life Technologies Corp., Carlsbad, Calif.) by
using BamHI and Xhol restriction sites. A series of truncation
mutants including AC348, AC314, AC295 and AC283 were
generated from the full-length tau construct by mutating
Arg349,Leu315, Asn296 and [.eu284 to stop codons, respec-
tively. The tau D314E mutant was generated from the full-
length tau construct by mutating Asp314 to Glu. Using full-
length tau as a template, two tau constructs termed AP or EP
were generated by mutating all 14 S/P or T/P amino acid
residues (T111, T153,T175,T181, 5199, 5202, T205, T212,
T217,7T231, 8235, S396, S404, and S422 to Ala (AP) or Glu
(EP). All coding sequence authenticity was confirmed by
DNA sequencing performed by BioMedical Genomics Cen-
ter, University of Minnesota.
Caspase Cleavage Assay

Tau proteins (200 ng immunoprecipitates from rTg
[tauP301L.]4510 or rTg[tauWT]21221 brain lysates, or 1 ul
synthetic proteins generated with TNT T7 Quick Coupled
Transcription/Translation System [Promega Corp., Madison,
Wis.]) were diluted in assay buffer 20 mM HEPES pH 7.2, 10
mM DTT, 1 mM EDTA, 0.1% CHAPS) to a final volume of
50 pl. One unit of recombinant caspase was added to the
reactions in the presence or absence of 50 uM z-VAD-fink
(Calbiochem, EMD Biochemicals, San Diego, Calif.). The
reactions were incubated at 37° C. for 1.5 hours and stopped
by adding Laemmli sample buffer (62.5 mM Tris-HCI [pH
6.8], 25% glycerol, 2% SDS, and 0.01% bromophenol blue).
The reactions were then subjected to western blotting and
revealed with Tau-13 antibody (Covance Inc., Princeton,
NJ).
Western Blotting and Densitometric Analysis

Five micrograms of rTg(tauP3011)4510 mouse brain
lysates were electrophoresed on 10% Tris-HCl gels (Bio-Rad
Laboratories, Inc., Hercules, Calif.), then transferred onto
0.45 um polyvinylidene difluoride membranes (Millipore
Corp., Billerica, Mass.). Membranes were blocked in 5%
BSA and probed with primary antibody Tau-13 (Covance
Inc., Princeton, N.J.), and visualized using enhanced chemi-
luminescence reagents (Thermo Fisher Scientific, Waltham,
Mass.) followed by exposure onto hyperfilm (Kodak). III-
Tubulin was also probed as loading controls. Densitometric
analysis of protein signal was performed using the Imagel
software (NIH).
Tau H1485 Antibody Production

Rabbit polyclonal H1485 antibody was generated against a
cleavage peptide corresponding to the C terminus of tau trun-
cated at Asp314 by using custom antibody service (New
England Peptide LL.C, Gardner, Mass.). Specifically, the pep-
tide Ac-CIVYKPVD-OH (SEQ ID NO:10), which corre-
sponds to tau residues 308-314 with a Cys added to the N
terminus, was synthesized. This peptide was coupled through
the Cys to keyhole limpet hemocyanin. Rabbits were immu-
nized with the cleavage peptide three times over a period of
four weeks. Seven and twelve days after the final immuniza-
tion, the rabbits were bled and their sera were collected,
respectively. The sera were combined and incubated with an
affinity column using a spanning peptide (Ac-CIVYKPVDL-
SKVT-amide, SEQ ID NO:11) which corresponds to tau resi-
dues 308-319 with a Cys residue added to the N-terminus.
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The flow-through from this column was then incubated with
an affinity column using the cleavage peptide. The cleavage-
site specific antibody H1485 was then eluted off the column
and stored at —20° C.
Immunoprecipitation Assay

Fifty micrograms of rTg[tauP301L]4510 brain lysates
were diluted in 1 mllysis bufter (50 mM Tris-HClpH 7.4, 150
mM NaCl, 0.2 mM 1,10-phenanthroline, 1 mM phenylmeth-
ylsulfonyl fluoride, and protease inhibitor cocktail) and incu-
bated at4° C. overnight under agitation in the presence of 5 ug
Tau-13 antibody. Twenty microliters of Protein G Sepharose
beads (GE Healthcare, UK) were added to the samples. The
samples were further incubated for 2 hours and then centri-
fuged. The supernatant was discarded and the beads were
washed in lysis buffer three times. Finally, the proteins were
eluted off by adding 40 pl Laemmli sample buffer to the
beads. The immunoprecipitated proteins were analyzed with
western blotting.
Primary Neuronal Culture and Transfection

Based on methods described in Hoover et al., Neurorn 2010,
dissociated rat hippocampal primary neuron cultures were
prepared. Briefly, a 25 mm glass coverslip (thickness, 0.08
mm) was glued over a 22 mm hole in the bottom of a 35 mm
tissue culture dish using silicone sealant. Dissociated neu-
ronal cultures from rat hippocampi at P1 were prepared.
Neurons were plated onto prepared 35 mm tissue culture
dishes at a density of 1x10° cells per dish. The age of cultured
neurons was counted from the day of plating (1 DIV). Neu-
rons at 7 DIV were transfected using a standard calcium
phosphate precipitation method and allowed to grow to matu-
rity (>3 weeks) to be imaged. Neurons were transfected with
equivalent concentrations of plasmids encoding full-length
tau or tau AC314 mutant. The plasmid encoding DsRed was
cotransfected with tau constructs to visualize dendritic
spines.
Image Analysis of Living Neurons

Coverslips of neurons cotransfected with various GFP-
tagged tau constructs and DsRed were photographed on an
inverted Nikon epifluorescent microscope with a 60x oil lens
and a computerized focus motor at 21-35 DIV. All digital
images were photographed and processed with MetaMorph
Imaging System (Universal Imaging Corporation, West
Chester, Pa.). All images were taken as stacks (15 planes at
0.5 micron increments) and processed by deconvolution
analyses using the MetaMorph software with the nearest
planes and averaged into one single image. A dendritic pro-
trusion with an expanded head that was 50% wider than its
neck was defined as a spine.
Electrophysiological Analysis

Miniature excitatory postsynaptic potentials (mEPSCs)
were recorded at —55 mV in artificial cerebrospinal fluid
(aCSF) containing 100 uM AP7 (NMDAR antagonist, Tocris
Bioscience, UK), 1 uM TTX (sodium channel blocker, Tocris
Bioscience, UK) and 50 uM bicuculline (GABA receptor
antagonist, Sigma-Aldrich, St. Louis, Mo.). Electrophysiol-
ogy experiments were conducted using AXON DIGIDATA
1440A data acquisition system (Molecular Devices, LLC,
Sunnyvale, Calif.), AXOPATCH 200B amplifier (Molecular
Devices, LLC, Sunnyvale, Calif.), pCLAMP10 software
(Molecular Devices, LLC, Sunnyvale, Calif.). Data was ana-
lyzed using AxoGraph X software (Berkeley, Calif.).
Screening Assay

Unless otherwise stated, chemicals were purchased from
Sigma-Aldrich (St. Louis, Mo.). Caspase-2 was made in-
house; reference Caspase-2 inhibitor Z-VAD-FMK was pur-
chased from BD Pharmingen (San Diego, Calif.). The fluo-
rescently labeled substrate for Caspase-2, FITC-AHX-
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GSVQIVYKPVDLSKVTS-COOH, was custom synthesized
by Celtek Peptides (Franklin, Tenn.). Assay buffer contained
20 mM HEPES, pH 7.2, 1 mM EDTA, 0.1% CHAPS, and 10
mM DTT.

Inblack, Greiner 384-well plates, 80 uL. of assay buffer was
added to each well; wells that were not screened for com-
pounds contained only this buffer. For reagent wells, 4 ul. of
compound (or 4 ul, of buffer as a control) and 15 pL. of
Caspase-2 (30 U/ul) were added to the buffer. After a
10-minute incubation at room temperature, 1 ulL of 0.5 mM
substrate in 50% DMSO was added to each reagent well (for
afinal substrate concentration of 5 uM/well); plates were then
incubated at 37° C. After 1.5 hours of incubation, 10 pL. of
stop solution (8.0 pH buffer containing 0.1% coating-3
reagent (Caliper Life Sciences Inc., Hopkinton, Mass.)) was
added to each well.

Plates were screened in a LabChip 3000 (Caliper Life
Sciences Inc., Hopkinton, Mass.) with temperature and rela-
tive humidity set to 20° C. and 50%. A 12-sipper chip sampled
contents from each well and measured the fluorescent inten-
sity of the substrate and product peaks. For optimal electro-
phoretic separation of substrate and product peaks, a separa-
tion buffer consisting of ProfilerPro separation buffer and
0.1% coating-3 reagent (Caliper Life Sciences Inc., Hopkin-
ton, Mass.) was run through the L.C3000, and a pressure of
-1.0 psi and a voltage of —1700AV (-1200V/-2900V) were
applied during the screening process. Data were analyzed
using Caliper’s HTS Well Analyzer software.

Example 2
Protein Extraction

Mouse brain tissue for biochemical studies was rapidly
dissected and quickly frozen for storage at —80° C. To gener-
ate forebrain lysates, olfactory bulbs, corticolimbic and sub-
cortical brain stem structures, and the cerebellum were all
removed. Frozen hemi-forebrains were thawed and mixed
with 1 ml of solution containing 50 mM Tris-HCl (pH 7.4),
150 mM NaCl, 1% Triton X-100, 3% SDS, 1% deoxycholate,
phosphate inhibitor cocktail, 0.2 mM 1,10-phenanthroline, 1
mM phenylmethylsulfonyl fluoride, and protease inhibitor
cocktail (Sigma). Soluble proteins were collected from
mechanically homogenized lysates (1 ml syringe, 20 gauge
needle [10 repeats]) following centrifugation for 90 min at
13,000 rpm. Protein concentrations were measured by using
Pierce BCA protein assay kit (Thermo Fisher Scientific,
Waltham, Mass.) following manufacturer’s instruction.

A cohort of 85 human tissue samples was obtained from the
Memory and Aging Project, Rush University. These samples
represent elderly people with no cognitive impairment (NCI),
mild cognitive impairment (MCI) and Alzheimer’s disease
(AD). The prefrontal cortex of these samples was homog-
enized in solution containing 50 mM Tris-HCI (pH 7.6),
0.01% NP-40, 150 mM NaCl, 2 mM EDTA, 0.1% SDS, 1 mM
phenylmethylsulfonyl fluoride, and protease inhibitor cock-
tail (Sigma-Aldrich, St. Louis, Mo.) and centrifuged for 90
min at 3,000 rpm. The pellet was further extracted in solution
containing 50 mM Tris-HCI pH 7.6, 150 mM NaCl, 0.1%
Triton X-100 and centrifuged for 90 min at 13,000 rpm.
Protein concentrations of the supernatant were measured by
using Pierce BCA protein assay kit (Thermo Fisher Scientific,
Waltham, Mass.) following manufacturer’s instruction.
Results are shown in FIG. 14.

Immunoprecipitation Assay

Fifty micrograms of rTg[tauP301L]4510 brain lysates

were diluted in 1 ml lysis bufter (50 mM Tris-HClpH 7.4, 150
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mM NaCl, 0.2 mM 1,10-phenanthroline, 1 mM phenylmeth-
ylsulfonyl fluoride, and protease inhibitor cocktail) and incu-
bated at4° C. overnight under agitation in the presence of 5 ug
Tau-13 antibody (Covance Inc., Princeton, N.J.). Three hun-
dred micrograms of human tissue lysates were diluted in 1 ml
lysis buffer and incubated at 4° C. overnight under agitation in
the presence of 30 pug Tau-13 antibody (Covance Inc., Princ-
eton, N.J.). Twenty microliters of Protein G Sepharose beads
(GE Healthcare, UK) were added to the samples. The samples
were further incubated for 2 h and then centrifuged. The
supernatant was discarded and the beads were washed in lysis
buffer three times. Finally, the proteins were eluted off by
adding 40 pl Laemmli sample buffer to the beads. The immu-
noprecipitated proteins were analyzed with western blotting
by using H1485 antibody.
Western Blotting and Densitometric Analysis

Five micrograms of rTg(tauP3011.)4510 mouse brain
lysates were electrophoresed on 10% Tris-HCI gels (Bio-Rad
Laboratories, Inc., Hercules, Calif.), then transferred onto
0.45 um polyvinylidene difluoride membranes (Millipore
Corp., Billerica, Mass.). Membranes were blocked in 5%
BSA and probed with primary antibody Tau-13 (Covance
Inc., Princeton, N.J.), and visualized using enhanced chemi-
luminescence reagents (Thermo Fisher Scientific, Waltham,
Mass.) followed by exposure onto hyperfilm (Kodak).
Human tissue lysates were probed with H1485 antibody, 8E6/
C11 antibody (Millipore), 1E1/A6 antibody (Millipore), and
Tau-13 antibody (Covance Inc., Princeton, N.J.). Densitomet-
ric analysis of protein signal was performed using the Imagel
software (NIH). Results are shown in FIG. 13.
Primary Neuronal Culture and Transfection

Based on methods described in Hoover et al., Neurorn 2010,
dissociated rat hippocampal primary neuron cultures were
prepared. Briefly, a 25 mm glass coverslip (thickness, 0.08
mm) was glued over a 22 mm hole in the bottom of a 35 mm
tissue culture dish using silicone sealant. Dissociated neu-
ronal cultures from rat hippocampi at P1 were prepared.
Neurons were plated onto prepared 35 mm tissue culture
dishes at a density of 1x10° cells per dish. The age of cultured
neurons was counted from the day of plating (1 DIV). Neu-
rons at 7 DIV were transfected using a standard calcium
phosphate precipitation method and allowed to grow to matu-
rity (>3 weeks) to be imaged. Neurons were transfected with
equivalent concentrations of constructs encoding various tau
proteins. The plasmid encoding DsRed was cotransfected
with tau constructs to visualize dendritic spines. Recombi-
nant tau protein or TCP35 protein (10 pM) was directly added
to culture medium 1 hour before imaging to stimulate neu-
ronal cultures. Caspase-2-selective inhibitor Ac-VDVAD-
CHO (SEQ ID NO:36; Sigma-Aldrich, St. Louis, Mo.) or
caspase-3-selective inhibitor Ac-DEVD-CHO (SEQ ID
NO:37; Promega Corp., Madison, Wis.) was directly added to
culture medium 2 days before imaging to block caspase-2 or
caspase-3 activity.
Image Analysis of Living Neurons

Coverslips of neurons cotransfected with various GFP-
tagged tau constructs and DsRed were photographed on an
inverted Nikon epifluorescent microscope with a 60x oil lens
and a computerized focus motor at 21-35 DIV. All digital
images were photographed and processed with MetaMorph
Imaging System (Universal Imaging Corporation, West
Chester, Pa.). All images were taken as stacks (15 planes at
0.5 micron increments) and processed by deconvolution
analyses using the MetaMorph software with the nearest
planes and averaged into one single image. A dendritic pro-
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trusion with an expanded head that was 50% wider than its
neck was defined as a spine. Results are shown in FIG. 15 and
FIG. 16.
Expression and Purification of Recombinant Protein in £. cofi
Recombinant tau and TCP35 proteins were expressed by
using pET system (Novagen, EMD Millipore, Billerica,
Mass.) following manufacturer’s instruction. Briefly, the cod-
ing sequences of tau and TCP35 were cloned into pET28a
vector, respectively. The expression constructs were trans-
formed in BL21(DE3) E. co/i. The expression of recombinant
proteins was induced by 1 mM isopropyl p-D-1-thiogalacto-
pyranoside at 37° C. for 3 hours. The recombinant proteins
were purified from E. coli cell lysates by using immobilized
metal affinity chromatography (Thermo Fisher Scientific,
Waltham, Mass.) following manufacturer’s instruction.

Example 3

The pentapeptides shown in Table 1 were synthesized
using a solid support and accompanied by microwave irradia-
tion to heat the reaction mixture during coupling and N(a)-
deprotection.

Solid Phase Peptide aldehyde Synthesis

The pentapeptides were synthesized using 0.05 mmol (250
mg) scale of H-asp(OtBu)—H preloaded aldehyde resin
(AnaSpec. Inc., Fremont, Calif.) following the manufactur-
er’s instructions. Briefly, the H-asp(OtBu)—H preloaded
resin allows the synthesis of peptides containing C-terminal
aspartinal. The peptide aldehyde synthesis is carried out using
standard instrument protocols. Cleavage from the resin and
side-chain deprotection is performed in two stages. It enables
side-products from side-chain deprotection to be removed by
washing before the product is released into aqueous solution.

The resin was added to a 20 mL fritted glass tube and was
swollen for 2-16 hours in DCM (dichloromethane; Sigma-
Aldrich, St. Louis, Mo.). The DCM was then removed from
resin and it was washed 3 times with DMF (N,N'-dimethyl-
formamide from Sigma-Aldrich, St. Louis, Mo.) using one
minute mix times.

Amino acids were coupled using FmocAA (9-N-fluorenyl-
methyloxycarbonyl amino acids from Sigma-Aldrich, St.
Louis Mo.) (3 equivalents), HOBt (hydroxybenzotriazole
from Sigma-Aldrich, St. Louis, Mo.) 3.1 equivalents, 0.155
mmol, 21 mg), DIC (diisopropopylcarbodiimide from
Sigma-Aldrich, St. Louis, Mo.) (3.2 equivalents, 0.16 mmol,
25 ul) were dissolved in the same vial in anhydrous DMF
(2-3 mL) and then added to the resin. The resin pre-stirred for
30 seconds, then heated to 65° C. for 15 minutes in a 55 W
microwave oven. The resin was filtered and washed three
times with 3 m[ aliquots of DMF using 1 minute mix time for
each. The ninhydrin test (AnaSpec. Inc., Fremont, Calif.) was
performed to evaluate the completion of the coupling reaction
according to the manufacturer’s instructions.

To deprotect the N-terminal a-amine group, a 20% v/v
solution of piperidine in DMF (0.6 m[./3 mL.) was added to
the resin. The resin pre-stirred for 30 seconds, then heated to
65° C. for 10 minutes in a 55 W microwave oven. The resin
was filtered and washed three times with 3 mL aliquots of
DMF (1 minute each). The ninhydrin test was performed
according to the manufacturer’s instructions, the resin was
rinsed three times with DCM (3 mL) and then dried under
vacuum for 10 minutes.

If a terminal N—Ac-aa was not commercially available,
following the last deprotection, a solution of acetic anhy-
dride/N,N'-diisopropylethylamine/N,N'-dimethylformamide
(Ac,O/DIPEA/DMEF, 3/1/96 (5 mL), all components from
Sigma-Aldrich, St. Louis, Mo.) was added to the resin and the
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mixture was stirred for 15 minutes at room temperature. The
resin was then rinsed three times with DCM and dried under
vacuum.

Deprotection of lateral chains was performed using 3 mL
of TFA was added in the fritted glass tube and the mixture was
stirred bubbled with nitrogen for 30 minutes at room tempera-
ture. The resin was filtered and washed with DCM (5 mL).

Finally a solution of CH,CN/water (60/40; v/v) with 0.1%
TFA was used for the cleavage from the resin. 5 mL of the
solution were added and the mixture was stirred twice for 30
minutes at room temperature followed by filtration and wash-
ing with two further aliquots of mixture CH;CN/water (60/
40) with 0.1% TFA. The filtrate was lyophilized to give the
crude product which was purified using a preparative HPL.C
(GEMINI 5 um C18 110 A, 150x10 mm from Phenomenex
Inc., Torrence, Calif.; gradient 5% to 100% of acetonitrile in
water+0.1% formic acid over 10 minutes) to afford the final
pentapeptide aldehyde product.

Example 4
Tau Aptamer Production

Sequences for aptamer selection are prepared using stan-
dard peptide chemistry or resourced. The sequence for selec-
tion can be as short as a 5-mer (e.g., SEQ ID NO:1) or as long
as the 314-amino acid cleavage product (e.g., SEQ ID NO:
13), and are chosen based on empirical results. Selection of
aptamers is performed using systematic evolution of ligands
by an exponential enrichment (SELEX) methods as previ-
ously described (Takemura, et al. Exp. Biol. Med. (Maywood)
2006,231:204-214; Wongphatcharachai, etal. J. Clin. Micro-
biol. 2013, 51:46-54.). Counter-selection is performed using
the full-length tau protein.

As used herein, the term “and/or” means one or all of the
listed elements or a combination of any two or more of the
listed elements; the terms “comprises” and variations thereof
do not have a limiting meaning where these terms appear in
the description and claims; unless otherwise specified, “a,”
“an,” “the,” and “at least one” are used interchangeably and
mean one or more than one; the recitations of numerical
ranges by endpoints include all numbers subsumed within
that range (e.g., 1 to 5 includes 1, 1.5, 2, 2.75,3,3.80, 4, 5,
etc.); and reference to relative terms such as, for example,
increase, decrease, or delay refers to comparison with an
appropriate control including, where appropriate, an indi-
vidual or population of individuals not receiving the indicated
treatment.

The complete disclosure of all patents, patent applications,
and publications, and electronically available material (in-
cluding, for instance, nucleotide sequence submissions in,
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e.g., GenBank and RefSeq, and amino acid sequence submis-
sions in, e.g., SwissProt, PIR, PRF, PDB, and translations
from annotated coding regions in GenBank and RefSeq) cited
herein are incorporated by reference in their entirety. In the
event that any inconsistency exists between the disclosure of
the present application and the disclosure(s) of any document
incorporated herein by reference, the disclosure of the present
application shall govern. The foregoing detailed description
and examples have been given for clarity of understanding
only. No unnecessary limitations are to be understood there-
from. The invention is not limited to the exact details shown
and described, for variations obvious to one skilled in the art
will be included within the invention defined by the claims.

Unless otherwise indicated, all numbers expressing quan-
tities of components, molecular weights, and so forth used in
the specification and claims are to be understood as being
modified in all instances by the term “about.” Accordingly,
unless otherwise indicated to the contrary, the numerical
parameters set forth in the specification and claims are
approximations that may vary depending upon the desired
properties sought to be obtained by the present invention. At
the very least, and not as an attempt to limit the doctrine of
equivalents to the scope of the claims, each numerical param-
eter should at least be construed in light of the number of
reported significant digits and by applying ordinary rounding
techniques.

Notwithstanding that the numerical ranges and parameters
setting forth the broad scope of the invention are approxima-
tions, the numerical values set forth in the specific examples
are reported as precisely as possible. All numerical values,
however, inherently contain a range necessarily resulting
from the standard deviation found in their respective testing
measurements.

All headings are for the convenience of the reader and
should not be used to limit the meaning of the text that follows
the heading, unless so specified.

Sequence Listing Free Text

YKPVD SEQ ID NO: 1
AHX-GSVQIVYKPDLSKVTS SEQ ID NO: 2
AHX-GSVQIVYKPVD SEQ ID NO: 3
AHX-GSVQIVYK (acetyl) PVDLSKVTS SEQ ID NO: 4
AHX-GSVQIVYK (acetyl)PVD SEQ ID NO: 5
GATTAACAGC GCATTAGAGC TG SEQ ID NO: 6

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 38
<210>
<211>
<212>
<213>
<220>
<223>
<220>
<221>
<222>
<223>
<220>

SEQ ID NO 1
LENGTH: 5
TYPE: PRT
ORGANISM:
FEATURE :

OTHER INFORMATION:
FEATURE :

NAME/KEY: MOD_RES

LOCATION: (1)..(1)
OTHER INFORMATION: METHYLATION
FEATURE :

artificial

caspase-2 inhibitor peptide
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-continued

30

<221> NAME/KEY: MOD_RES
<222> LOCATION: (5)..(5)
<223> OTHER INFORMATION: ALDEHYDE GROUP

<400> SEQUENCE: 1

Tyr Lys Pro Val Asp
1 5

<210> SEQ ID NO 2

<211> LENGTH: 16

<212> TYPE: PRT

<213> ORGANISM: artificial

<220> FEATURE:

<223> OTHER INFORMATION: synthetic caspase-2 substrate sequence

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (1).. (1)

<223> OTHER INFORMATION: Fluorescein isothiocyanate (FITC)

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (1).. (1)

<223> OTHER INFORMATION: Aminocaproic acid (AHX) lysine
derivative/analogue

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (16)..(16)

<223> OTHER INFORMATION: CARBOXYLIC ACID GROUP

<400> SEQUENCE: 2

Gly Ser Val Gln Ile Val Tyr Lys Pro Asp Leu Ser Lys Val Thr Ser
1 5 10 15

<210> SEQ ID NO 3

<211> LENGTH: 11

<212> TYPE: PRT

<213> ORGANISM: artificial

<220> FEATURE:

<223> OTHER INFORMATION: caspase-2 cleavage product

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (1).. (1)

<223> OTHER INFORMATION: Fluorescein isothiocyanate (FITC)

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (1).. (1)

<223> OTHER INFORMATION: Aminocaproic acid (AHX) lysine
derivative/analogue

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (1).. (1)

<223> OTHER INFORMATION: Aminocaproic acid (AHX) lysine
derivative/analogue

<400> SEQUENCE: 3

Gly Ser Val Gln Ile Val Tyr Lys Pro Val Asp
1 5 10

<210> SEQ ID NO 4

<211> LENGTH: 17

<212> TYPE: PRT

<213> ORGANISM: artificial

<220> FEATURE:

<223> OTHER INFORMATION: synthetic caspase-2 substrate sequence

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (1).. (1)

<223> OTHER INFORMATION: Fluorescein isothiocyanate (FITC)

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (1).. (1)

<223> OTHER INFORMATION: Aminocaproic acid (AHX) lysine
derivative/analogue

<220> FEATURE:
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-continued

<221> NAME/KEY: MOD_RES

<222> LOCATION: (8)..(8)

<223> OTHER INFORMATION: ACETYLATION

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (17)..(17)

<223> OTHER INFORMATION: CARBOXYLIC ACID GROUP

<400> SEQUENCE: 4

Gly Ser Val Gln Ile Val Tyr Lys Pro Val Asp Leu Ser Lys Val Thr
1 5 10 15

Ser

<210> SEQ ID NO 5

<211> LENGTH: 11

<212> TYPE: PRT

<213> ORGANISM: artificial

<220> FEATURE:

<223> OTHER INFORMATION: caspase-2 cleavage product

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (1).. (1)

<223> OTHER INFORMATION: Fluorescein isothiocyanate (FITC)

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (1).. (1)

<223> OTHER INFORMATION: Aminocaproic acid (AHX) lysine
derivative/analogue

<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (8)..(8)

<223> OTHER INFORMATION: ACETYLATION

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (11)..(11)

<223> OTHER INFORMATION: CARBOXYLIC ACID GROUP

<400> SEQUENCE: 5

Gly Ser Val Gln Ile Val Tyr Lys Pro Val Asp
1 5 10

<210> SEQ ID NO 6

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: artificial

<220> FEATURE:

<223> OTHER INFORMATION: synthetic oligonucleotide primer

<400> SEQUENCE: 6

gattaacagc gcattagagce tg

<210> SEQ ID NO 7

<211> LENGTH: 27

<212> TYPE: DNA

<213> ORGANISM: artificial

<220> FEATURE:

<223> OTHER INFORMATION: synthetic oligonucleotide primer

<400> SEQUENCE: 7

gcatatgatc aattcaaggc cgataag

<210> SEQ ID NO 8

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: artificial

<220> FEATURE:

<223> OTHER INFORMATION: synthetic oligonucleotide primer

<400> SEQUENCE: 8
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-continued

34

tgaaccagga tggctgagec

<210> SEQ ID NO 9

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: artificial

<220> FEATURE:

<223> OTHER INFORMATION: synthetic oligonucleotide primer

<400> SEQUENCE: 9

ttgtcatcge ttecagtece cg

<210> SEQ ID NO 10

<211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: artificial

<220> FEATURE:

<223> OTHER INFORMATION: antibody binding sequence
<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (1).. (1)

<223> OTHER INFORMATION: ACETYLATION

<400> SEQUENCE: 10

Cys Ile Val Tyr Lys Pro Val Asp
1 5

<210> SEQ ID NO 11

<211> LENGTH: 13

<212> TYPE: PRT

<213> ORGANISM: artificial

<220> FEATURE:

<223> OTHER INFORMATION: antigen peptide sequence
<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (1).. (1)

<223> OTHER INFORMATION: ACETYLATION
<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (13)..(13)

<223> OTHER INFORMATION: AMIDATION

<400> SEQUENCE: 11

Cys Ile Val Tyr Lys Pro Val Asp Leu Ser Lys Val Thr
1 5 10

<210> SEQ ID NO 12

<211> LENGTH: 7

<212> TYPE: PRT

<213> ORGANISM: artificial

<220> FEATURE:

<223> OTHER INFORMATION: antibody binding sequence

<400> SEQUENCE: 12

Ile Val Tyr Lys Pro Val Asp
1 5

<210> SEQ ID NO 13

<211> LENGTH: 314

<212> TYPE: PRT

<213> ORGANISM: artificial

<220> FEATURE:

<223> OTHER INFORMATION: cleavage product

<400> SEQUENCE: 13

Met Ala Glu Pro Arg Gln Glu Phe Glu Val Met Glu Asp His Ala Gly
1 5 10 15

Thr Tyr Gly Leu Gly Asp Arg Lys Asp Gln Gly Gly Tyr Thr Met His

20

22
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36

Gln

Gln

Asp

65

Asp

Ile

Ser

Ser

Ala

145

Gly

Pro

Asp

Arg

Lys

225

Ser

Lys

Gly

Ser

Ser
305

<210>
<211>
<212>
<213>
<220>
<223>

Asp

Thr

50

Ala

Glu

Pro

Leu

Lys

130

Asp

Gln

Ala

Arg

Ser

210

Val

Arg

Ser

Lys

Lys

290

Val

Gln

35

Pro

Lys

Gly

Glu

Glu

115

Ser

Gly

Lys

Pro

Ser

195

Arg

Ala

Leu

Lys

Val

275

Cys

Gln

20

Glu

Thr

Ser

Ala

Gly

100

Asp

Lys

Lys

Gly

Lys

180

Gly

Thr

Val

Gln

Ile

260

Gln

Gly

Ile

PRT

FEATURE:
OTHER INFORMATION: TCP40 cleavage

<400> SEQUENCE:

Met

1

Thr

Gln

Gln

Asp

Ala

Tyr

Asp

Thr

50

Ala

Glu

Gly

Gln

35

Pro

Lys

Pro

Gly

Glu

Thr

Pro

85

Thr

Glu

Asp

Thr

Gln

165

Thr

Tyr

Pro

Val

Thr

245

Gly

Ile

Ser

Val

SEQ ID NO 14
LENGTH:
TYPE :
ORGANISM:

285

Asp

Asp

Pro

70

Gly

Thr

Ala

Gly

Lys

150

Ala

Pro

Ser

Ser

Arg

230

Ala

Ser

Ile

Lys

Tyr
310

Thr

Gly

55

Thr

Lys

Ala

Ala

Thr

135

Ile

Asn

Pro

Ser

Leu

215

Thr

Pro

Thr

Asn

Asp

295

Lys

artificial

14

Arg
5

Gln

Leu Gly Asp

20

Glu Gly Asp

Thr

Ser

Glu

Thr

Asp

Pro

Glu

Arg

Thr

Gly

55

Thr

Asp

40

Ser

Ala

Gln

Glu

Gly

120

Gly

Ala

Ala

Ser

Pro

200

Pro

Pro

Val

Glu

Lys

280

Asn

Pro

Phe

Lys

Asp

40

Ser

Ala

25

Ala

Glu

Glu

Ala

Glu

105

His

Ser

Thr

Thr

Ser

185

Gly

Thr

Pro

Pro

Asn

265

Lys

Ile

Val

Glu

Asp

25

Ala

Glu

Glu

Gly

Glu

Asp

Ala

Ala

Val

Asp

Pro

Arg

170

Gly

Ser

Pro

Lys

Met

250

Leu

Leu

Lys

Asp

Val

10

Gln

Gly

Glu

Ala

Leu Lys
Pro Gly
60
Val Thr
75
Ala Gln
Gly Ile
Thr Gln
Asp Lys
140
Arg Gly
155
Ile Pro
Glu Pro
Pro Gly
Pro Thr
220

Ser Pro
235

Pro Asp
Lys His

Asp Leu

His Val
300

product

Met Glu

Gly Gly

Leu Lys

Pro Gly

60

Glu Glu

Glu

45

Ser

Ala

Pro

Gly

Ala

125

Lys

Ala

Ala

Pro

Thr

205

Arg

Ser

Leu

Gln

Ser

285

Pro

Asp

Tyr

Glu

45

Ser

Ala

30

Ser

Glu

Pro

His

Asp

110

Arg

Ala

Ala

Lys

Lys

190

Pro

Glu

Ser

Lys

Pro

270

Asn

Gly

His

Thr

30

Ser

Glu

Gly

Pro

Thr

Leu

Thr

95

Thr

Met

Lys

Pro

Thr

175

Ser

Gly

Pro

Ala

Asn

255

Gly

Val

Gly

Ala

15

Met

Pro

Thr

Ile

Leu

Ser

Val

80

Glu

Pro

Val

Gly

Pro

160

Pro

Gly

Ser

Lys

Lys

240

Val

Gly

Gln

Gly

Gly

His

Leu

Ser

Gly
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38

65

Asp

Arg

Ala

Ala

Lys

145

Lys

Pro

Glu

Ser

Lys

225

Pro

Asn

Gly

<210>
<211>
<212>
<213>
<220>
<223>

Thr

Met

Lys

Pro

130

Thr

Ser

Gly

Pro

Ala

210

Asn

Gly

Val

Gly

Pro

Val

Gly

115

Pro

Pro

Gly

Ser

Lys

195

Lys

Val

Gly

Gln

Gly
275

Ser

Ser

100

Ala

Gly

Pro

Asp

Arg

180

Lys

Ser

Lys

Gly

Ser

260

Ser

PRT

FEATURE:
OTHER INFORMATION: TCP40 cleavage

<400> SEQUENCE:

Met

1

Thr

Gln

Gln

Asp

65

Asp

Ile

Ser

Ser

Ala

Ala

Tyr

Asp

Thr

50

Ala

Glu

Pro

Leu

Lys
130

Asp

Glu

Gly

Gln

35

Pro

Lys

Gly

Glu

Glu

115

Ser

Gly

Pro

Leu

20

Glu

Thr

Ser

Ala

Gly
100
Asp

Lys

Lys

70

Leu Glu
85

Lys Ser

Asp Gly

Gln Lys

Ala Pro
150

Arg Ser
165

Ser Arg

Val Ala

Arg Leu

Ser Lys

230

Lys Val
245

Lys Cys

Val Gln

SEQ ID NO 15
LENGTH:
TYPE :
ORGANISM:

283

Asp

Lys

Lys

Gly

135

Lys

Gly

Thr

Val

Gln

215

Ile

Gln

Gly

Ile

artificial

15

Arg Gln

Gly Asp

Gly Asp

Glu Asp

Thr Pro

70

Pro Gly

85

Thr Thr

Glu Ala

Asp Gly

Thr Lys

Glu

Arg

Thr

Gly

55

Thr

Lys

Ala

Ala

Thr

135

Ile

Glu

Asp

Thr

120

Gln

Thr

Tyr

Pro

Val

200

Thr

Gly

Ile

Ser

Val
280

Phe

Lys

Asp

Ser

Ala

Gln

Glu

Gly

120

Gly

Ala

Ala

Gly

105

Lys

Ala

Pro

Ser

Ser

185

Arg

Ala

Ser

Ile

Lys

265

Tyr

Glu

Asp

25

Ala

Glu

Glu

Ala

Glu

105

His

Ser

Thr

Ala

90

Thr

Ile

Asn

Pro

Ser

170

Leu

Thr

Pro

Thr

Asn

250

Asp

Lys

Val

10

Gln

Gly

Glu

Asp

Ala

90

Ala

Val

Asp

Pro

75

Gly

Gly

Ala

Ala

Ser

155

Pro

Pro

Pro

Val

Glu

235

Lys

Asn

Pro

His

Ser

Thr

Thr

140

Ser

Gly

Thr

Pro

Pro

220

Asn

Lys

Ile

Val

product

Met

Gly

Leu

Pro

Val

75

Ala

Gly

Thr

Asp

Arg

Glu

Gly

Lys

Gly

60

Thr

Gln

Ile

Gln

Lys

140

Gly

Val

Asp

Pro

125

Arg

Gly

Ser

Pro

Lys

205

Met

Leu

Leu

Lys

Asp
285

Asp

Tyr

Glu

45

Ser

Ala

Pro

Gly

Ala
125

Lys

Ala

Thr

Asp

110

Arg

Ile

Glu

Pro

Pro

190

Ser

Pro

Lys

Asp

His
270

His

Thr

30

Ser

Glu

Pro

His

Asp

110

Arg

Ala

Ala

Gln

95

Lys

Gly

Pro

Pro

Gly

175

Thr

Pro

Asp

His

Leu

255

Val

Ala

15

Met

Pro

Thr

Leu

Thr

95

Thr

Met

Lys

Pro

80

Ala

Lys

Ala

Ala

Pro

160

Thr

Arg

Ser

Leu

Gln

240

Ser

Pro

Gly

His

Leu

Ser

Val

80

Glu

Pro

Val

Gly

Pro
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40

145

150

Gly Gln Lys Gly Gln Ala Asn Ala Thr Arg

165 170

Pro Ala Pro Lys Thr Pro Pro Ser Ser Gly

180 185

Asp Arg Ser Gly Tyr Ser Ser Pro Gly Ser

195 200

Arg Ser Arg Thr Pro Ser Leu Pro Thr Pro
210 215

Lys Val Ala Val Val Arg Thr Pro Pro Lys

225

230

Ser Arg Leu Gln Thr Ala Pro Val Pro Met

245 250

Lys Ser Lys Ile Gly Ser Thr Glu Asn Leu

260 265

Gly Lys Val Gln Ile Val Tyr Lys Pro Val

<210>
<211>
<212>
<213>
<220>
<223>

<400>

275 280

SEQ ID NO 16

LENGTH: 256

TYPE: PRT

ORGANISM: artificial

FEATURE:

OTHER INFORMATION: TCP35 cleavage

SEQUENCE: 16

Met Ala Glu Pro Arg Gln Glu Phe Glu Val

1

5 10

Thr Tyr Gly Leu Gly Asp Arg Lys Asp Gln

20 25

Gln Asp Gln Glu Gly Asp Thr Asp Ala Gly

35 40

Gly Ile Gly Asp Thr Pro Ser Leu Glu Asp

50

55

Thr Gln Ala Arg Met Val Ser Lys Ser Lys

65

70

Asp Lys Lys Ala Lys Gly Ala Asp Gly Lys

85 90

Arg Gly Ala Ala Pro Pro Gly Gln Lys Gly

100 105

Ile Pro Ala Lys Thr Pro Pro Ala Pro Lys

115 120

Glu Pro Pro Lys Ser Gly Asp Arg Ser Gly
130 135

Pro Gly Thr Pro Gly Ser Arg Ser Arg Thr

145

150

Pro Thr Arg Glu Pro Lys Lys Val Ala Val

165 170

Ser Pro Ser Ser Ala Lys Ser Arg Leu Gln

180 185

Pro Asp Leu Lys Asn Val Lys Ser Lys Ile

195 200

Lys His Gln Pro Gly Gly Gly Lys Val Gln
210 215

Asp Leu Ser Asn Val Gln Ser Lys Cys Gly

155

Ile Pro

Glu Pro

Pro Gly

Pro Thr

220
Ser Pro
235
Pro Asp

Lys His

Asp

product

Met Glu

Gly Gly

Leu Lys

Glu Ala

60

Asp Gly

Thr Lys

Gln Ala

Thr Pro

Tyr Ser

140

Pro Ser
155

Val Arg

Thr Ala

Gly Ser

Ile Ile

220

Ser Lys

Ala

Pro

Thr

205

Arg

Ser

Leu

Gln

Asp

Tyr

Ala

45

Ala

Thr

Ile

Asn

Pro

125

Ser

Leu

Thr

Pro

Thr
205

Asn

Asp

Lys

Lys

190

Pro

Glu

Ser

Lys

Pro
270

His

Thr

30

Glu

Gly

Gly

Ala

Ala

110

Ser

Pro

Pro

Pro

Val
190
Glu

Lys

Asn

Thr

175

Ser

Gly

Pro

Ala

Asn

255

Gly

Ala

Met

Glu

His

Ser

Thr

95

Thr

Ser

Gly

Thr

Pro

175

Pro

Asn

Lys

Ile

160

Pro

Gly

Ser

Lys

Lys

240

Val

Gly

Gly

His

Ala

Val

Asp

Pro

Arg

Gly

Ser

Pro

160

Lys

Met

Leu

Leu

Lys
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225 230 235 240

His Val Pro Gly Gly Gly Ser Val Gln Ile Val Tyr Lys Pro Val Asp
245 250 255

<210> SEQ ID NO 17

<211> LENGTH: 254

<212> TYPE: PRT

<213> ORGANISM: artificial

<220> FEATURE:

<223> OTHER INFORMATION: TCP35 cleavage product

<400> SEQUENCE: 17

Met Ala Glu Pro Arg Gln Glu Phe Glu Val Met Glu Asp His Ala Gly
1 5 10 15

Thr Tyr Gly Leu Gly Asp Arg Lys Asp Gln Gly Gly Tyr Thr Met His
20 25 30

Gln Asp Gln Glu Gly Asp Thr Asp Ala Gly Leu Lys Glu Ser Pro Leu
35 40 45

Gln Thr Pro Thr Glu Asp Gly Ser Glu Glu Pro Gly Ser Glu Thr Ser
50 55 60

Asp Ala Lys Ser Thr Pro Thr Ala Glu Ala Glu Glu Ala Gly Ile Gly
65 70 75 80

Asp Thr Pro Ser Leu Glu Asp Glu Ala Ala Gly His Val Thr Gln Ala
85 90 95

Arg Met Val Ser Lys Ser Lys Asp Gly Thr Gly Ser Asp Asp Lys Lys
100 105 110

Ala Lys Gly Ala Asp Gly Lys Thr Lys Ile Ala Thr Pro Arg Gly Ala
115 120 125

Ala Pro Pro Gly Gln Lys Gly Gln Ala Asn Ala Thr Arg Ile Pro Ala
130 135 140

Lys Thr Pro Pro Ala Pro Lys Thr Pro Pro Ser Ser Gly Glu Pro Pro
145 150 155 160

Lys Ser Gly Asp Arg Ser Gly Tyr Ser Ser Pro Gly Ser Pro Gly Thr
165 170 175

Pro Gly Ser Arg Ser Arg Thr Pro Ser Leu Pro Thr Pro Pro Thr Arg
180 185 190

Glu Pro Lys Lys Val Ala Val Val Arg Thr Pro Pro Lys Ser Pro Ser
195 200 205

Ser Ala Lys Ser Arg Leu Gln Thr Ala Pro Val Pro Met Pro Asp Leu
210 215 220

Lys Asn Val Lys Ser Lys Ile Gly Ser Thr Glu Asn Leu Lys His Gln
225 230 235 240

Pro Gly Gly Gly Lys Val Gln Ile Val Tyr Lys Pro Val Asp
245 250

<210> SEQ ID NO 18

<211> LENGTH: 225

<212> TYPE: PRT

<213> ORGANISM: artificial

<220> FEATURE:

<223> OTHER INFORMATION: TCP30 cleavage product

<400> SEQUENCE: 18

Met Ala Glu Pro Arg Gln Glu Phe Glu Val Met Glu Asp His Ala Gly
1 5 10 15

Thr Tyr Gly Leu Gly Asp Arg Lys Asp Gln Gly Gly Tyr Thr Met His
20 25 30
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44

Gln

Gly

Thr

65

Asp

Arg

Ile

Glu

Pro

145

Pro

Ser

Pro

Lys

Asp
225

<210>
<211>
<212>
<213>
<220>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>

<400>

Asp

Ile

50

Gln

Lys

Gly

Pro

Pro

130

Gly

Thr

Pro

Asp

His
210

Gln

35

Gly

Ala

Lys

Ala

Ala

115

Pro

Thr

Arg

Ser

Leu

195

Gln

Glu

Asp

Arg

Ala

Ala

100

Lys

Lys

Pro

Glu

Ser

180

Lys

Pro

SEQ ID NO
LENGTH: 5
TYPE :
ORGANISM:
FEATURE:

OTHER INFORMATION:
FEATURE:
NAME/KEY: MOD_RES
LOCATION:
OTHER INFORMATION: METHYLATION
FEATURE:
NAME/KEY: MOD_RES
LOCATION:
OTHER INFORMATION: ALDEHYDE GROUP

PRT

SEQUENCE :

Gly Asp

Thr Pro

Met Val

70
Lys Gly
85
Pro Pro
Thr Pro
Ser Gly
Gly Ser
150
Pro Lys
165
Ala Lys

Asn Val

Gly Gly

19

Thr

Ser

55

Ser

Ala

Gly

Pro

Asp

135

Arg

Lys

Ser

Lys

Gly
215

artificial

(1) .. (1)

(5) .. (5)

19

Tyr Lys Pro Val Asp

Asp

Leu

Lys

Asp

Gln

Ala

120

Arg

Ser

Val

Arg

Ser

200

Lys

Ala

Glu

Ser

Gly

Lys

105

Pro

Ser

Arg

Ala

Leu

185

Lys

Val

Gly

Asp

Lys

Lys

90

Gly

Lys

Gly

Thr

Val

170

Gln

Ile

Gln

Leu

Glu

Asp

75

Thr

Gln

Thr

Tyr

Pro

155

Val

Thr

Gly

Ile

Lys

Ala

60

Gly

Lys

Ala

Pro

Ser

140

Ser

Arg

Ala

Ser

Val
220

Ala

45

Ala

Thr

Ile

Asn

Pro

125

Ser

Leu

Thr

Pro

Thr

205

Tyr

Glu

Gly

Gly

Ala

Ala

110

Ser

Pro

Pro

Pro

Val

190

Glu

Lys

caspase-2 inhibitor peptide

caspase-2 inhibitor peptide

1 5

<210> SEQ ID NO 20

<211> LENGTH: 5

<212> TYPE: PRT

<213> ORGANISM: artificial

<220> FEATURE:

<223> OTHER INFORMATION:

<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (1)..(1)

<223> OTHER INFORMATION: METHYLATION
<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (5)..(5)

<223> OTHER INFORMATION: ALDEHYDE GROUP

<400> SEQUENCE:

20

Tyr Asp Pro Val Asp

Glu

His

Ser

Thr

95

Thr

Ser

Gly

Thr

Pro

175

Pro

Asn

Pro

Ala

Val

Asp

80

Pro

Arg

Gly

Ser

Pro

160

Lys

Met

Leu

Val
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-continued

46

<210>
<211>
<212>
<213>
<220>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>

<400>

SEQ ID NO 21

LENGTH: 5

TYPE: PRT

ORGANISM: artificial

FEATURE:

OTHER INFORMATION: caspase-2 inhibitor peptide
FEATURE:

NAME/KEY: MOD_RES

LOCATION: (1)..(1)

OTHER INFORMATION: METHYLATION
FEATURE:

NAME/KEY: MOD_RES

LOCATION: (5)..(5)

OTHER INFORMATION: ALDEHYDE GROUP

SEQUENCE: 21

Tyr Ser Pro Val Asp

1

<210>
<211>
<212>
<213>
<220>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>

<400>

5

SEQ ID NO 22

LENGTH: 5

TYPE: PRT

ORGANISM: artificial

FEATURE:

OTHER INFORMATION: caspase-2 inhibitor peptide
FEATURE:

NAME/KEY: MOD_RES

LOCATION: (1)..(1)

OTHER INFORMATION: METHYLATION
FEATURE:

NAME/KEY: MOD_RES

LOCATION: (5)..(5)

OTHER INFORMATION: ALDEHYDE GROUP

SEQUENCE: 22

Tyr Cys Pro Val Asp

1

<210>
<211>
<212>
<213>
<220>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>

<400>

5

SEQ ID NO 23

LENGTH: 5

TYPE: PRT

ORGANISM: artificial

FEATURE:

OTHER INFORMATION: caspase-2 inhibitor peptide
FEATURE:

NAME/KEY: MOD_RES

LOCATION: (1)..(1)

OTHER INFORMATION: METHYLATION
FEATURE:

NAME/KEY: MOD_RES

LOCATION: (5)..(5)

OTHER INFORMATION: ALDEHYDE GROUP

SEQUENCE: 23

Phe Lys Pro Val Asp

1

<210>
<211>
<212>
<213>
<220>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>

5

SEQ ID NO 24

LENGTH: 5

TYPE: PRT

ORGANISM: artificial

FEATURE:

OTHER INFORMATION: caspase-2 inhibitor peptide
FEATURE:

NAME/KEY: MOD_RES

LOCATION: (1)..(1)

OTHER INFORMATION: F at position 1 is a 4-fluorophenylalanine
FEATURE:

NAME/KEY: MOD_RES

LOCATION: (1)..(1)
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<223> OTHER INFORMATION: METHYLATION
<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (5)..(5)

<223> OTHER INFORMATION: ALDEHYDE GROUP

<400> SEQUENCE: 24

Phe Lys Pro Val Asp
1 5

<210> SEQ ID NO 25

<211> LENGTH: 5

<212> TYPE: PRT

<213> ORGANISM: artificial

<220> FEATURE:

<223> OTHER INFORMATION: caspase-2 inhibitor peptide
<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (1).. (1)

<223> OTHER INFORMATION: BENZYL GROUP
<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (5)..(5)

<223> OTHER INFORMATION: ALDEHYDE GROUP

<400> SEQUENCE: 25

Tyr Lys Pro Val Asp
1 5

<210> SEQ ID NO 26

<211> LENGTH: 5

<212> TYPE: PRT

<213> ORGANISM: artificial

<220> FEATURE:

<223> OTHER INFORMATION: caspase-2 inhibitor peptide
<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (1).. (1)

<223> OTHER INFORMATION: BENZYL GROUP
<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (5)..(5)

<223> OTHER INFORMATION: ALDEHYDE GROUP

<400> SEQUENCE: 26

Tyr Asp Pro Val Asp
1 5

<210> SEQ ID NO 27

<211> LENGTH: 5

<212> TYPE: PRT

<213> ORGANISM: artificial

<220> FEATURE:

<223> OTHER INFORMATION: caspase-2 inhibitor peptide
<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (1).. (1)

<223> OTHER INFORMATION: METHYLATION
<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (5)..(5)

<223> OTHER INFORMATION: ALDEHYDE GROUP

<400> SEQUENCE: 27

Tyr Lys Pro Phe Asp
1 5

<210> SEQ ID NO 28

<211> LENGTH: 5

<212> TYPE: PRT

<213> ORGANISM: artificial
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<220> FEATURE:

<223> OTHER INFORMATION: caspase-2 inhibitor peptide
<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (1).. (1)

<223> OTHER INFORMATION: METHYLATION

<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (5)..(5)

<223> OTHER INFORMATION: ALDEHYDE GROUP

<400> SEQUENCE: 28

Tyr Asp Pro Phe Asp
1 5

<210> SEQ ID NO 29

<211> LENGTH: 5

<212> TYPE: PRT

<213> ORGANISM: artificial

<220> FEATURE:

<223> OTHER INFORMATION: caspase-2 inhibitor peptide
<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (1).. (1)

<223> OTHER INFORMATION: METHYLATION
<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (5)..(5)

<223> OTHER INFORMATION: ALDEHYDE GROUP

<400> SEQUENCE: 29

Tyr Lys Pro Ala Asp
1 5

<210> SEQ ID NO 30

<211> LENGTH: 5

<212> TYPE: PRT

<213> ORGANISM: artificial

<220> FEATURE:

<223> OTHER INFORMATION: caspase-2 inhibitor peptide
<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (1).. (1)

<223> OTHER INFORMATION: METHYLATION
<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (5)..(5)

<223> OTHER INFORMATION: ALDEHYDE GROUP

<400> SEQUENCE: 30

Tyr Asp Pro Ala Asp
1 5

<210> SEQ ID NO 31

<211> LENGTH: 5

<212> TYPE: PRT

<213> ORGANISM: artificial

<220> FEATURE:

<223> OTHER INFORMATION: caspase-2 inhibitor peptide
<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (1).. (1)

<223> OTHER INFORMATION: METHYLATION
<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (5)..(5)

<223> OTHER INFORMATION: ALDEHYDE GROUP

<400> SEQUENCE: 31

Tyr Lys Val Val Asp
1 5
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<210> SEQ ID NO 32

<211> LENGTH: 5

<212> TYPE: PRT

<213> ORGANISM: artificial

<220> FEATURE:

<223> OTHER INFORMATION: caspase-2 inhibitor peptide
<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (1).. (1)

<223> OTHER INFORMATION: METHYLATION
<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (5)..(5)

<223> OTHER INFORMATION: ALDEHYDE GROUP

<400> SEQUENCE: 32

Tyr Asp Val Val Asp
1 5

<210> SEQ ID NO 33

<211> LENGTH: 5

<212> TYPE: PRT

<213> ORGANISM: artificial

<220> FEATURE:

<223> OTHER INFORMATION: caspase-2 inhibitor peptide
<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (1).. (1)

<223> OTHER INFORMATION: METHYLATION
<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (5)..(5)

<223> OTHER INFORMATION: ALDEHYDE GROUP

<400> SEQUENCE: 33

Tyr Lys Pro Tyr Asp
1 5

<210> SEQ ID NO 34

<211> LENGTH: 5

<212> TYPE: PRT

<213> ORGANISM: artificial

<220> FEATURE:

<223> OTHER INFORMATION: caspase-2 inhibitor peptide
<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (1).. (1)

<223> OTHER INFORMATION: METHYLATION
<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (5)..(5)

<223> OTHER INFORMATION: ALDEHYDE GROUP

<400> SEQUENCE: 34

Tyr Lys Pro Val Asp
1 5

<210> SEQ ID NO 35

<211> LENGTH: 5

<212> TYPE: PRT

<213> ORGANISM: artificial

<220> FEATURE:

<223> OTHER INFORMATION: canonical caspase-2 cleavage sequence

<400> SEQUENCE: 35
Val Asp Val Ala Asp

1 5

<210> SEQ ID NO 36
<211> LENGTH: 5
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<212> TYPE: PRT

<213> ORGANISM: artificial

<220> FEATURE:

<223> OTHER INFORMATION: caspase-2 inhibitor sequence
<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (1).. (1)

<223> OTHER INFORMATION: ACETYLATION
<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (5)..(5)

<223> OTHER INFORMATION: ALDEHYDE GROUP

<400> SEQUENCE: 36

Val Asp Val Ala Asp
1 5

<210> SEQ ID NO 37

<211> LENGTH: 4

<212> TYPE: PRT

<213> ORGANISM: artificial

<220> FEATURE:

<223> OTHER INFORMATION: caspase-2 inhibitor sequence
<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (1).. (1)

<223> OTHER INFORMATION: ACETYLATION
<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (4)..(4)

<223> OTHER INFORMATION: ALDEHYDE GROUP

<400> SEQUENCE: 37

Asp Glu Val Asp
1

<210> SEQ ID NO 38

<211> LENGTH: 5

<212> TYPE: PRT

<213> ORGANISM: artificial

<220> FEATURE:

<223> OTHER INFORMATION: caspase-2 inhibitor consensus sequence

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (1).. (1)

<223> OTHER INFORMATION: X at position 1 is tyrosine of phenylalanine

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (2)..(2)

<223> OTHER INFORMATION: X at position 2 is lysine, aspartic acid,
serine, or cysteine

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

«<222> LOCATION: (3)..(3)

<223> OTHER INFORMATION: X at position 3 is proline or valine

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (4)..(4)

<223> OTHER INFORMATION: X at position 4 is valine, phenylalanine,
alanine, or tyrosine

<400> SEQUENCE: 38

Xaa Xaa Xaa Xaa Asp

1 5
What is claimed is: 2. A method comprising:
) ) o ) contacting a biological sample comprising cerebral spinal
1. An antibody preparation comprising a monoclonal anti- fluid from a subject with an antibody preparation of
body that specifically binds to SEQ ID NO:11 and requires no 65 claim 1; and
amino acid residues outside of SEQ ID NO:11 to specifically detecting a ligand in the sample that specifically binds the

bind to SEQ ID NO:11. antibody preparation.
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3. The method of claim 2 wherein the subject exhibits at
least one symptom or clinical sign of a tauopathic condition.

4. The method of claim 3 wherein the tauopathic condition
is Alzheimer’s disease.

5. The method of claim 2 wherein the subject exhibits no
symptom or clinical sign of a tauopathic condition.

6. The method of claim 2 wherein the tauopathic condition
is Alzheimer’s disease.
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